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INTRODUCTION 



CONTENTS 

Tektronix products ore grouped according to common charac- 
teristics on pages 2, 3, 4, 5. You can compare the performance 
of a group of instruments that share similar characteristics with 
your measurement requirements. For example, those oscillo- 
scopes that feature portability; those oscilloscopes that use the 
same group of plug-in units; those oscilloscopes that use the 
sampling technique for their display; etc. Thorough study of 
these groupings will give you a better understanding of the 
Tektronix product line. 



REFERENCE INFORMATION 

Bandwidth, risetime, deflection factor and other instrument 
parameters are of vital interest to you in selecting the appro- 
priate instrument for your application. The following outlines 
information provided for your assistance. 

Page 5 contains a chart of available CRT phosphors with 
technical data as well as selected areas of usage. 

Information presented on pages 6 through 10 describes fac- 
tors affecting over-all oscilloscope performance or measurement 
capability. Time-base application and selection is discussed 
initially, including single-shot and delayed-sweep use. Vertical 
amplifier risetime and high-frequency capabilities are reviewed 
on page 7. 

Starting on page 8 is a discussion of various oscilloscope 
configurations and how these relate to specific applications 
including: switched vertical inputs versus dual-beam oscillo- 
scope operation, differential input use, sampling techniques, 
traveling wave and distributed deflection CRT’s, and curve 
tracing (X-Y) oscilloscopes. 

Page 10 includes a discussion of Photographic Writing Speed 
considerations, a subject of particular interest to those con- 
cerned with photographing an oscilloscope display of a non- 
recurring phenomenon. Page 10 continues with a discussion 
of mechanical and environmental characteristics related to 
electrical instrument performance. 



Page 1 1 offers an introduction to component manufactur-' 
ing at Tektronix, a capability which contributes significantly 
toward the design and manufacture of high-performance, reli- 
able instrumentation. 

FIELD OFFICE ASSISTANCE 

Tektronix maintains 67 domestic and international field offices 
as well as 46 distributors and representatives throughout the 
world. These offices are staffed with qualified field engineers 
who specialize in solving measurement problems. They pro- 
vide a direct communication link between you and the factory 
and are the people to contact for assistance. Please call or 
visit your nearest field office for details on applications, main- 
tenance, instrument selection or instrument orders. You’ll find 
these offices listed on pages 12 through 16. 

Ordering information such as terms, shipment, and warranty 
details are contained on pages 12 through 16. 



ABBREVIATIONS AND GLOSSARY 

Page 19 lists some of the abbreviations used at Tektronix, 
primarily derived from IEEE standards. The glossary on pages 
20 to 24 represents our concept of the terms used in this catalog. 



ACCESSORIES 



Descriptions of accessories for use with Tektronix Instruments 
are located as follows: television related items, page 87; 

cameras and camera components, pages 325-337; Scope- 
Mobiles®, pages 338-339; probes, pages 340-364; general pur- 
pose connectors, adapters, cables and cords, pages 365-379. 



INDEX 

The last 5 pages contain a comprehensive index of (1) in- 
struments in alphanumeric order according to type numbers, 
(2) accessories by subject and (3) instruments according to 
function. 
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TEKTRONIX FIELD SERVICES 

Tektronix Customers are urged to take advantage of 
the many field services available to them through Tektronix 
Field Engineering Offices and Overseas Representatives. 

Some of these services are described below. 




COMMUNICATIONS 

Your Field Engineer is a valuable communication link between you and the factory. 
He knows the exact person to contact in each circumstance, and he can reach that 
person fast and easily. Let him help speed your communications on any problem 
related to your Tektronix Instruments. 

ORDERING 

There are many types of oscilloscopes, each designed for a specific application area. 
Your Field Engineer can help you select the one best suited to your present and future 
needs, and he will be happy to arrange a demonstration of the instrument ... in your 
application if you so desire. 

If you are a Purchasing Agent or Buyer, your Field Engineer or his secretary can pro- 
vide information on prices, terms, shipping estimates, and best method of transportation 
on instruments, accessories, and replacement parts. 



OPERATION 

Your Tektronix Oscilloscope can be most useful to you when you are familiar with all 
control functions. Your Field Engineer will be glad to demonstrate the use of your in- 
strument in various applications to help you become more familiar with its operation. 
If your instrument is to be used by several engineers, your Field Engineer will be happy 
to conduct informal classes on its operation in your laboratory. 



APPLICATIONS 

Perhaps the answers you need in a specific application can be obtained faster and easier 
through use of your Tektronix Oscilloscope. Your Field Engineer can help you find out, 
and if use of your oscilloscope is indicated, help you with procedures. He may also 
be able to suggest many time-saving uses for your oscilloscope in routine checks and 
measurements. 



MAINTENANCE 

Tektronix willingly assumes much of the responsibility for continued efficient operation 
of the instruments it manufactures. If you should experience a stubborn maintenance 
problem, your Field Engineer will gladly help you isolate the cause. Often a telephone 
discussion with him will help you get your instrument back in operation with minimum 
delay. If yours is a large laboratory, your Field Engineer can be of service to your 
maintenance engineers by conducting informal classes on test and calibration procedures, 
troubleshooting techniques, and general maintenance. 

If you are responsible for the maintenance of a large quantity of Tektronix Instruments, 
ask your Field Engineer about the free factory training course in maintenance and 
calibration. 

INSTRUMENT RECONDITIONING 

An older Tektronix Oscilloscope, properly reconditioned, can give you many additional 
years of service. Your Field Engineer will gladly explain the advantages of instrument 
reconditioning, major repair, and recalibration that can be performed at a nearby Field 
Service Center. Ask your Field Engineer about this service to Tektronix customers. 
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CATHODE-RAY TUBE PHOSPHOR DATA 



The catalog description of each oscilloscope indicates 
the phosphor normally supplied. However, for specific 
applications, you may want to specify another phosphor. 
The phosphor data chart will help in your selection. 

For more specific information regarding the best-suited 
phosphor for your particular application, please confer 
with your Tektronix Field Engineer, Representative or Dis- 



tributor. He will know the factors that must be considered in 
selection of a phosphor for any given application. For 
example, PI 1 is excellent for waveform photography but due 
to its short persistence, it is not well suited for applications 
requiring visual observation of low speed phenomena. 

Phosphors are rated in several parameters, such as color 
of fluorescence or phosphorescence, decay, etc. The fol- 
lowing table describes the more commonly used phosphors. 



PHOSPHOR DATA CHART 



Phosphor 


Fluorescence 


Phosphorescence 
Where Different 
Than 

Fluorescence 


Relative 

Luminance® 


Relative 

Photographic 

Writing 

Speed® 


Decay to 
0.1 % 
(in ms) 


Relative 

Burn 

Resistance 


Comments 


PI 


Yellowish-green 


— 


50% 


20% 


95 


Medium 


Replaced by P31 in 
most applications. 


P2 


Bluish-green 


Yellowish-green 


55% 


40% 


120* 


Medium 

high 


Good compromise for 
high and low speed 
applications. 


P4 


White 


— 


50% 


40% 


20 


Medium 

high 


Television displays 


P7 


Blue 


Yellowish-green 


35% 


75% 


1500* 


Medium 


Long decay, double 
layer screen. 


Pll 


Purplish-blue 


— 


15% 


100% 


20 


Medium 


For photographic ap- 
plications 


P15 


Bluish-green 


— 


15% 


15% 


0.05 


Very high 


Very short decay for 
flying spot scanner use. 


P31 


Yellowish-green 




100% 


50% 


32 


High 


General purpose, 
brightest available 
phosphor. 



® Taken with a Spectra Brightness Spot Meter which incorporates a CIE standard eye filter. Representative of 10 kV aluminized screens. P31 as reference. 
(B) Pll as reference with Polaroid 410 film. Representative of 10 kV aluminized screens. 



* Low level lasts over one minute under conditions of low ambient illumination. 
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BEHIND THE FRONT PANEL 



Fig 1 is a block diagram of a typical oscilloscope, omitting 
power supplies. The waveform (A) to be observed is fed into 
the vertical-amplifier input. The calibrated VOLTS/DIV con- 
trol sets the gain of this amplifier. The push-pull output (B 
and C) of the vertical amplifier is fed through a delay line to 
the vertical-deflection plates of the cathode-ray tube. The pur- 
pose of the delay line is explained later on this page. 

The time-base generator or "sweep generator” developes 
a sawtooth wave (E) that is used as a horizontal-deflection volt- 
age. The rising or positive-going part of this sawtooth, called 
the "run-up" portion of the wave, is linear. That is, the wave- 
form rises through a given number of volts during each unit of 
time. This rate of rise is set by the calibrated TIME/DIV con- 
trol. The sawtooth voltage is fed to the time-base amplifier. 
This amplifier includes a phase inverter so that the amplifier 
supplies two output sawtooth waveforms (GJ and (J) simultane- 
ously — one of them positive-going, like the input, and the other 
negative-going. The positive-going sawtooth is applied to the 
right-hand horizontal-deflection plate of the cathode-ray tube, 
and the negative-going sawtooth is applied to the left-hand 
deflection plate. As a result, the cathode-ray beam is swept 
horizontally to the right through a given number of graticule 
divisions during each unit of time — the sweep rate being con- 
trolled by the TIME/DIV control. 

In order to maintain a stable display on the cathode-ray-tube 
screen, each horizontal sweep must start at the same point 
on the waveform being displayed. To maintain a stable dis- 
play, we feed a sample of the displayed waveform to a "trig- 
ger” circuit that gives a negative output voltage spike (D) at 
some selected point on the displayed waveform. This triggering 
spike is used to start the run-up portion of the time-base saw- 
tooth. As far as the display is concerned, then, “triggering" 
can be taken as synonymous with the starting of the horizontal 
sweep of the trace at the left-hand side of the graticule. 

A rectangular "unblanking" wave (F) derived from the time- 
base generator is applied to the grid of the cathode-ray tube. 
The duration of the positive part of this rectangular wave cor- 
responds to the duration of the positive-going or run-up part 
of the time-base output, so that the beam is switched on during 
its left-to-right travel and is switched off during its right-to-left 
retrace. 

In the case shown, the leading edge of the waveform being 
displayed is used to actuate the trigger circuit. Yet we may 
want to observe this leading edge on the screen — and the trig- 
gering and unblanking operations require a measurable time 
interval P, often about 0.15 microsecond. To permit us to see 
the leading edge, a delay Q of about 0.25 microsecond is 
introduced by the delay line in the vertical-deflection channel, 
after the point where the sample of the vertical signal is tapped 
off and fed to the trigger circuit. 



To summarize the purpose of the delay line, it is to retard 
the application of the observed waveform to the vertical- 
deflection plates until the trigger and time-base circuits have 
had an opportunity to get the unblanking and horizontal-sweep 
operations under way. In this way, we can view the entire 
desired waveform — even though the leading edge of that 
waveform was used to trigger the horizontal sweep. 

If the delay line were not used, we would be able to see only 
that portion of the waveform following the instant designated 
as (T) in waveform (A). 

THE OSCILLOSCOPE BLOCK DIAGRAM 




Figure 1 
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REFERENCE INFORMATION 



The following discussion is intended to clarify the significance 
of many of the technical terms used to describe oscilloscopes. 
The information is intended for those who, being responsible 
for buying or recommending such instruments, feel a need for 
a better understanding of the relative importance of different 
features. 

Things like workmanship, component quality and construc- 
tion layout have important bearings on reliability and service- 
ability but, unfortunately, cannot be adequately specified. The 
quality and availability of technical assistance before and after 
purchase are other matters deserving considerable attention. 
However, they too can be appraised only after experience. 

SCALES AND SWEEPS 

Except in special cases, oscilloscopes have built-in sawtooth 
sweep generators for producing constant-speed horizontal beam 
deflection. In early scopes, these generators ran continuously 
and horizontal calibration was based on their repetition fre- 
quency. In most modern laboratory scopes, sweeps are cali- 
brated in terms of a direct unit of time for a given distance of 
spot travel across the screen; hence the term, "time-base.” The 
present system permits such advantages as: 

1. Direct measurement of time between events (waveforms) 

2. Viewing and measuring small portions of wavetrains 

3. Viewing and measuring random or aperiodic events 

4. Viewing and measuring single non-recurrent events 

The units of distance are usually inches or centimeters (or 
fractions thereof) but sometimes are specified simply as "divi- 
sions." The choice of how long a division might be is based 
upon the manufacturer's best opinion of how the full scale 
should be divided. One major division is the unit of distance 
in a specification. Some instruments have different distance- 
units for the vertical and horizontal scales. 

A transparent scale with vertical and horizontal lines spaced 
one division apart usually is fitted against the face of the CRT 
or in more modern instruments inside the CRT. This scale allows 
time and amplitude to be read directly. These graduated scales 
(graticules) often have small markings which subdivide the major 
divisions to assist in making accurate measurements. Such sub- 
divisions should not be interpreted as the distance-unit in a 
specification. 

Although it is common practice to think and speak of time- 
bases in terms of relative sweep speeds (horizontal velocity 
of the spot), we should not specify them in this way. Instead 
they are specified by a term which is actually the reciprocal of 
speed: time per division (Time/Div). 

FAST AND SLOW SWEEPS 

Some investigations require fast sweeps and others slow 
sweeps. Obviously an oscilloscope with the widest range of 
sweeps is usually the most versatile. However, the primary 
usefulness of a scope is as a high-speed device, so very slow 
sweeps have only limited use. From the standpoint of com- 
patibility with frequency response, the fastest sweeps are usu- 
ally considered adequate if they are capable of displaying 
one cycle of the upper passband frequency across the full hori- 
zontal scale. High-frequency scopes seldom have sweeps which 
are that fast. 



To measure risetime as accurately as possible, a step-signal 
(squarewave, rectangular pulse, etc.) should occupy almost the 
full vertical scale, and the rising portion of the signal should 
be displayed at nearly a 45-deg slope. This requirement can 
be met only if the fastest sweep is able to move the beam a 
horizontal distance nearly equal to the full vertical scale in a 
time interval equal to the risetime of the vertical deflection 
system. Because of the compounding difficulties and costs of 
providing extremely fast sweeps which are both linear and 
accurate, the requirement is seldom met by scopes having very 
good vertical deflection risetime capabilities. 

When accurate risetime measurements must be made which 
require the fastest sweep, a useful figure of merit for the ade- 
quacy of that sweep is M = T r /T d where M = figure of merit, 
T r = vertical system (usually amplifier) risetime and T d = 
time per division of the fastest sweep. Figures of merit greater 
than 1 are seldom found in scopes having risetimes less than 
approximately 30 nanoseconds (0.03 /ts). Figures of merit great- 
er than about 6 exceed the ideal and offer no further advan- 
tage. It should be realized that this figure of merit is only a 
measure of compatibility,- whenever possible, accurate risetime 
measurements should not be attempted when the risetime of a 
step-signal exceeds the vertical deflection system risetime. (See 
section on Risetime and High Frequency Response.) 

Fortunately, most risetime measurements are not made to 
determine actual risetime, but are made to determine whether 
certain limits are met or exceeded. In such cases, an adequate 
comparison with a standard signal of known risetime can usu- 
ally be made, using a sweep having a relatively poor figure 
of merit, if the vertical deflection system risetime is good 
enough. 

SWEEP MAGNIFICATION AND 
SWEEP DELAY 

Sometimes it is desirable to display parts of waveforms 
which occur considerably later than suitable sweep triggering 
signals occur. Such waveforms can always be displayed on 
sweeps which last long enough, but if the duration of the wave- 
form is short compared to the duration of a full sweep, an 
accurate examination may not be possible. The need to mag- 
nify (expand) the display for the time interval during which a 
particular event occurs is apparent. Portions of sweeps may 
be magnified by increasing the gain of the horizontal amplifier 
(allowing either or both ends of the sweeps to go off-screen) 
and positioning the display so that the desired portion is on- 
screen. This is a simple way to meet the need. Another way 
is to generate suitably delayed sweep triggering signals so 
that fast sweeps may be triggered just prior to the moment 
when the signal to be examined occurs. The first method delays 
the presentation of a sweep portion; the second method delays 
the actual generation of the displayed sweep. Calibrated sweep 
delay can provide some advantages over ordinary sweep mag- 
nification, cost and simplicity not being among them. These 
advantages are: 

1 . Greater ratios of effective magnification 

2. Elimination of "time jitter" or “time drift" of displayed 

waveforms 

3. Greater accuracy of time-interval measurements between 

waveforms 

4. Better long-term accuracy of the displayed time-base 
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RISETIME AND HIGH FREQUENCY 
RESPONSE 



SWITCHED INPUTS AND 
DUAL-BEAM SCOPES 



The first qualification generally sought in a scope is ade- 
quate risetime or adequate high-frequency sinewave response. 
Risetime is the more important specification for “faster" scopes, 
and passband (bandwidth) the more frequently used specifica- 
tion for “slower" scopes. The two will be closely related mathe- 
matically, however, when fast step-signals produce little or no 
overshoot or ringing. The product of risetime and frequency 
response should produce a factor whose value lies between 
0.33 and 0.35, when transient response is optimum. For ex- 
ample, the product of 0.023 microsecond risetime (0.023 X 
10"° second) and 15 MHz (15 X 10" Hz) equals 0.345. Factors 
larger than 0.35 probably indicate overshoot in excess of 2 
percent, while those larger than 0.4 probably indicate overshoot 
in excess of 5 percent. 

Ideally, scopes should have a vertical system capable of 
rising in about one-fifth the time that the fastest step-signal 
applied rises. In such a case, the risetime of the signal (as 
indicated on the scope) will only be in error by about 2 per- 
cent, assuming sweep timing and linearity are perfect. Vertical 
deflection systems which have a risetime no better than equal 
to the fastest rising signal applied are often considered ade- 
quate — a conclusion which may or may not be true depending 
upon the accuracy desired. Such reasoning is based upon the 
fact that the indicated risetime will be in error by a predictable 
amount when transient response is optimum. Under such con- 
ditions, signal risetime can be calculated to a close approxi- 
mation by the formula 

T s = tj Y 2 - V 

where T s = signal risetime, Tj = indicated risetime and T a 
= vertical system (usually amplifier) risetime. The accuracy 
of such calculations falls off sharply for signals which rise 
faster than the scope amplifier, because of the increased sig- 
nificance of measurement errors. For instance, the following 
sweep timing or display reading errors will contribute as much 
as 100 percent difference between calculated and actual sig- 
nal risetimes. 



When T a /T s = 2/1 
When T a /T s = 3/1 
When T a /T s = 4/1 
When T a /T s = 5/1 



1 1 percent 
5 percent 
3 percent 
2 percent 



measurement error 
which can account 
for 100 percent 
calculation error 



When the fastest sweep is relatively slow compared with 
vertical deflection system risetime (or the scale is small to start 
with), measurements become confined to quite small sections 
of the screen, and the probability of measurement errors be- 
comes even worse. 



As mentioned in a previous section, very accurate risetime 
measurements are usually not as common as risetime compari- 
sons. For comparing the risetimes of two signals, scopes hav- 
ing a risetime equal to the risetime of signals applied to them 
are usually adequate. 



A very useful type of dual-input amplifier is one which 
can pass either of two input signals one at a time to permit 
viewing either signal without disturbing connections. Com- 
parison of the two signals is thereby permitted. Manual switch- 
ing, available on some instruments, is the simplest method but 
electronic switching permits simultaneous viewing of two sig- 
nals. Since the two signals trace out separate displays, scopes 
with built-in electronic switches are commonly called dual- 
trace scopes. They should not be confused with dual-beam 
scopes. Dual-trace scopes offer some advantages over dual- 
beam scopes and vice versa. Two simultaneous, non-recurrent 
signals of short duration may be displayed on a dual-beam 
scope, but cannot be displayed on a dual-trace scope. Also, 
some dual-beam scopes can display non-recurrent signals on 
different time-bases. The principal advantages of dual-trace 
scopes are lower cost and intrinsically better comparison ca- 
pabilities. 

Steady displays of two signals which are not synchronous 
with each other may be displayed on dual-trace scopes. This 
is possible because the triggering signals may be switched in 
synchronism with the input signals. A useful application of such 
a display is one in which one waveform might be some kind 
of standard. Dual-beam scopes having two sweep generators 
and two sets of horizontal deflection plates also permit this 
kind of comparison. 

Electronic switches should be capable of switching in two 
ways: rapidly during sweeps or synchronously during sweep 

retrace intervals. The first way is usually called "chopped," 
the second way “alternate.” The alternate mode is used more 
frequently and is preferred for displays employing faster 
sweeps. The chopped mode usually is reserved for comparing 
low-frequency recurrent signals or long-duration, non-recurrent 
signals. 

When displaying two very bright traces using the chopped 
mode, the display may show the chopping waveform transients 
as faint lines connecting the two traces. Some scopes blank 
(turn off) the CRT beam during these transition intervals to pre- 
vent them from appearing in the display. 

The chopping rate (frequency) should be as high as possi- 
ble so long as the resulting traces are not broadened signifi- 
cantly by distortion of the chopping signal. When the chopped 
mode is used with relatively fast non-recurrent sweeps, the 
traces are not continuous but are made up of separate seg- 
ments, the number of segments depending on the chopping 
rate and the sweep duration. For instance, if the chopping rate 
is 100,000 Hz and the sweep duration is 1 millisecond, there 
will be 100 segments in each trace. How well these separate 
segments depict all the detail in the two waveforms establishes 
the limits of usefulness of the chopped mode compared to an 
alternately switched display or a dual-beam scope. 
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DIFFERENTIAL, BALANCED OR 
PUSH-PULL INPUTS 

Push-pull signals may be introduced to the vertical deflection 
system if the input circuits are designed to accommodate such 
signals. Such amplifiers are commonly called differential or 
balanced amplifiers. They provide a feature beyond mere ac- 
commodation of push-pull signals: they have the ability to 
cancel or reject, to a high degree, any signal components equal 
in amplitude and phase that appear at both inputs. This abil- 
ity explains the term "differential amplifier" since essentially 
only the difference between two signals is amplified. Such 
amplifiers provide a simple and accurate means of measuring 
the difference between two signals. They also provide a means 
of rejecting most of any unwanted signal components common 
to both inputs, such as power line “hum." 

"SUMMING” INPUTS 

A type of dual-input arrangement available on some ampli- 
fiers, opposite in character to differential input, is the summing 
input. Such an amplifier rejects out-of-phase signal components 
which are equal in amplitude but adds those components which 
are of the same phase. Since this amplifier adds or subtracts, 
depending on phase, a descriptive term is "added algebraic- 
ally." 

"SAMPLING” OSCILLOSCOPES 

A very significant advancement in the art of oscilloscope 
design is a system employing sampling techniques. The techni- 
que is very similar, in principle, to the use of stroboscopic light 
to study fast mechanical motion. Progressive samples of adjacent 
portions of successive waveforms are taken; then they are 
"stretched" in time, amplified by relatively low-bandwidth 
amplifiers and finally shown, one sample at a time, on the 
screen of a cathode-ray tube. The graph produced is a replica 
of the sampled waveforms. The principle difference in appear- 
ance, between displays made by sampling techniques and con- 
ventional displays, is that those made by sampling are com- 
prised of separate segments or dots. This technique is limited 
to depicting repetitive signals, since no more than one sample 
is taken and displayed each time the signal recurs. 

The sampling method, however, provides a means for examin- 
ing fast-changing signals of low amplitude that cannot be ex- 
amined in any other way. The system is capable of resolving 
events that occur in less than 1 nanosecond, on an “equivalent" 
time-base of less than 1/5 nanosecond per cm and which have 
less than 10 mV of peak amplitude. 

TRAVELING-WAVE AND DISTRIBUTED- 
DEFLECTION OSCILLOSCOPES 

When examining extremely fast non-recurrent signals (or sig- 
nals having a very low repetition rate) a high writing-rate oscil- 
loscope having no vertical amplifier must be used. Ordinary 



cathode-ray tubes with only one pair of relatively long vertical 
deflection plates are not suitable in this type of scope because 
the transit-time of beam electrons through the deflection plate 
region is excessive and because the deflection plate capacitance 
and lead inductances tend to "ring." Traveling-wave and dis- 
tributed-deflection cathode-ray tubes have numerous small verti- 
cal-deflection plates, connected to one another through a delay 
network, which progressively and collectively deflect the beam. 
An applied signal progresses from one plate to the next at the 
same speed as the beam electrons travel through the deflection 
region. 

The principal features sacrificed in such instruments are usu- 
ally vertical sensitivity and scan area. The term "sensibility" is 
sometimes used in preference to the terms "sensitivity" or "de- 
flection factor.” Sensibility is stated in terms of volts per spot 
diameter (or per trace width). When the deflection is quite 
small, sensibility is the better term since it accurately indicates 
the amount of information that can be contained in the scan 
area. 

CURVE TRACING (X-Y) SCOPES 

Some scopes have vertical and horizontal amplifiers which are 
alike. In this way the two amplifiers can be made to have very 
similar characteristics. Perhaps the widest use of such instru- 
ments is for the plotting of two functions, such as current versus 
voltage, magnetizing force versus flux density, and speed versus 
acceleration. Another important use is the display of phase 
differences between two signals by means of Lissajous figures. 
Phase equality is particularly easy to verify by this means if the 
phase delay through each channel is the same at the frequency 
applied. In most such instruments, phase shift does not remain 
exactly equal for all frequencies within the pass band — and this 
is particularly true for frequencies near the upper limit of the 
pass band. Phase shift differences between the two amplifiers 
are especially apparent when the two amplifiers are not operated 
at equal deflection factors. If exacting phase comparisons or 
measurements at the higher frequencies need to be made by 
such instruments, some method is needed for first equalizing the 
phase shifts through the two amplifiers. The maximum phase 
difference at certain frequencies usually is specified, but often 
only for equal sensitivity settings. 

Specific curve tracing oscilloscopes are built for displaying 
semiconductor parameters. Known as transistor curve tracers, 
these oscilloscopes are capable of displaying one or more char- 
acteristic curves of two and three-terminal devices. Each curve 
is developed by driving one terminal with a constant voltage or 
current and then sweeping the other with a half sinewave of 
voltage. If more than one curve is to be drawn, the driving 
source is stepped through several values and the sweep re- 
peated, once for each step. The horizontal deflection is then 
a plot of either the driving voltage or the sweep voltage across 
the device under test, while the vertical deflection is a plot of the 
current drawn from the sweep source. 
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ELECTRICAL & MECHANICAL CONSIDERATIONS 

VENTILATION 

In general, a standard oscilloscope using 250 watts of power 
or more will have filtered forced-air cooling. 

CLEARANCE 

Under normal conditions, at least two inches of unobstructed 
space around the oscilloscope should be maintained to assure 
safe operating temperature. When rackmounting an instrument, 
add approx 3 inches to the depth of the instrument for adequate 
clearance of rear connections (power cords, etc.). Should the 
chassis temperature become excessive, a thermal-cutout switch 
will interrupt the power and keep it off until a safe operating 
temperature is reached. 

CONSTRUCTION 

The oscilloscope chassis and cabinet are of aluminum alloy 
for lightweight durability. 

FINISH 

The oscilloscope front panel is anodized and the cabinet has 
blue-vinyl finish. 

POWER REQUIREMENTS 

In general, instruments are factory wired for operation at 115 
VAC. Newer instruments provide quick-change line-voltage 
selectors for convenient selection of line-voltage operating 
ranges. Transformer taps in other instruments can be changed 
to accommodate specific line-voltage operating ranges or can 
be factory wired for a specific range if specified on the purchase 
order. Tektronix instruments are designed with electronically- 
regulated power supplies to compensate for changing line volt- 
ages. 

Most Tektronix instruments are designed for operation from 
a power source with its neutral at or near ground (earth) potent- 
ial. They are not intended for operation from two phases of 
a multi-phase system, or across the legs of a single-phase three- 
wire system (220 V). 

Tektronix instruments are equipped with either a three-conduc- 
tor attached power cord, or a three-terminal power cord recept- 
acle. The third wire, or terminal, is connected directly to the in- 
strument frame, and is intended to ground the instrument to pro- 
tect operating personnel, as recommended by national and 
international safety codes. If the instrument must be operated 
from a two-contact outlet, a three-to-two-conductor adapter 
should be securely connected to a suitable ground, or the in- 
strument frame should be securely grounded with an external 
connection. Color coding of the power cord conductors follows 
the National Electrical Code (USAS Cl - 1965): the line con- 
ductor is black; the neutral is white; the safety earth or ground 
is green. 

ENVIRONMENTAL CHARACTERISTICS 

The following instruments are specifically designed for the 
more severe environments often encountered when they are used 
in portable or mobile applications: 

321 A, 323, 422 and R422, 453 and R453, 454 and R454, 491 
and R491, 647A and R647A. 

The environmental characteristics listed include some or all of 
the following: 

Temperature, Altitude, Humidity, Vibration, Shock and Elec- 
tromagnetic interference (EMI, previously RFI). 

Sample production instruments are tested periodically as part 
of a continual quality control process. Complete tests on every 
production instrument are undesirable as well as uneconomical. 

The specifications for humidity, vibration, shock and trans- 
portation are intended to be beyond what can be expected in 
use, and operation at these extremes may cause minor physical 
deterioration. Such operation, however, should not cause elec- 



trical performance deterioration outside specifications. The 
specifications for temperature and altitude are such that con- 
tinual use at the limits will not cause significant short term dete- 
rioration. Naturally, higher temperature operation can be 
expected to reduce long term reliability and should be avoided 
if possible. The EMI test is completely non-destructive. 

For more specific information on the environmental charac- 
teristics and how they apply to the above instruments, please 
refer to the page covering that instrument. 

PHOTOGRAPHIC WRITING SPEED 

Photographic writing speed is a figure of merit which de- 
scribes the ability of a particular camera, film, oscilloscope, 
and phosphor to record fast moving traces. The writing speed 
figure expresses the maximum single event spot velocity (usually 
in centimeters per microsecond) which may be recorded on 
film. 

The results achieved are a function of the combined system 
performance of the oscilloscope, camera, film, recording tech- 
nique, and the ability of the film reader to make a consistent 
interpretation of the results. Prefogging and postfogging of the 
recording film improves the apparent photographic writing 
speed of a particular system but the results are unpredictable 
and difficult to repeat. 

The illustration below shows one way in which writing speed 
can be measured. There is displayed a single trace of a 
damped sinewave whose frequency and amplitude is such that 
the rapidly rising and falling portions of the first cycle or two 
fail to record. The peak to peak amplitude of the sinewave 
should be three to four times as great as the horizontal distance 
occupied by one cycle. 

The writing speed capability of the oscilloscope is deter- 
mined as follows: mask out the sinewave peaks on the photo- 
graph leaving the central one-third visible. View the photograph 
while backlighted. Starting from the left, find the first rapidly 
rising or falling portion of the damped sinewave which is dis- 
cernible. Let D represent the vertical distance in centimeters 
between the peaks which are connected by this portion. The 
writing speed in centimeters per microsecond is calculated by: 




Photographic writing speed = 3.14 Df where f is the fre- 
quency of the damped sinewave in megahertz. 

Although the writing speed is an important characteristic of 
the oscilloscope, it does not completely describe the ability 
of the oscilloscope to present detailed information. 
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SOME FACTORS AFFECTING THE VALUE 




CATHODE-RAY TUBES 

At Tektronix, the cathode-ray tube 
is considered to be the heart of 
each oscilloscope. Each instru- 
ment has a cathode-ray tube de- 
signed to optimize total perform- 
ance. The electron optics devel- 
oped for the Type 454 CRT feature 
distributed vertical deflection plates 
(shown) that contribute significant- 
ly to the performance of the Type 
454 Oscilloscope. 




SEMICONDUCTORS 

Tektronix designs and manufac- 
tures semiconductors to satisfy 
specialized instrument require- 
ments. Notable examples are semi- 
conductors used in sampling os- 
cilloscopes that feature state-of- 
the-art measurements. 




CABLES 

Cable technology permits us to 
make compact delay lines and volt- 
age and current probes that are a 
necessary requirement for high- 
performance oscilloscopes. We 
manufacture more than 2,000,000 
feet of probe cables and delay 
lines each year. The illustrated 
over-and-under winding technique 
provides increased pulse delay and 
preserves waveform fidelity. 




CAPACITORS 

Building our own capacitors per- 
mits us to meet specific perform- 
ance requirements and make spe- 
cial sizes and mounting configura- 
tions. Timing capacitors and input- 
coupling capacitors are critical 
components in oscilloscope per- 
formance. 




CERAMICS 

Our ceramic technology gives us 
the ability to produce ceramic 
CRT’s with increased strength, 
tight internal tolerances, and im- 
proved edge lighting for the illu- 
minated internal graticules. We 
also produce a wide variety of 
specialized ceramic parts designed 
to satisfy specific oscilloscope re- 
quirements. 




METALS 

Our metals technology and produc- 
tion capability provide design free- 
dom for our engineers. Fabrication 
of any and ail metal parts, from the 
precision machining required for 
spectrum analyzers to forming 
chassis of oscilloscopes, gives 
Tektronix a valuable tool in the 
design of new products. 



OF TEKTRONIX PRODUCTS 



POWER TRANSFORMERS 

Designing and manufacturing our 
own transformers permits our en- 
gineers to easily satisfy the power 
supply requirements of each in- 
strument. Power transformers, de- 
signed and manufactured at Tek- 
tronix, are warranted for the life 
of the instrument. 




INTEGRATED CIRCUITS 

Integrated circuits technology of- 
fers significant new opportunities in 
instrument performance. Recent 
developments include a highly-sen- 
sitive Hall device for the unique 
P6042 DC Current Probe. 




RESISTORS 

Variable resistors, with reverse and 
multiple pitched windings, provide 
a controlled inductance per unit 
resistance. Used as variable con- 
trols in Tektronix oscilloscopes, 
they change the vertical gain of 
the oscilloscope while maintaining 
pulse fidelity. 



PLASTICS 



Plastics technology provides Tek- 
tronix with many components. Volt- 
age and current probe parts made 
with special plastics reduce un- 
desirable electrical effects and 
withstand rugged use. Other plas- 
tic parts include special switch 
couplings, handles, knobs, capac- 
itor mounts and covers, and many 
other items designed to optimize 
oscilloscope performance. 




ELECTROCHEMICAL 

Precision electroplating of plastics 
and other materials, and electro- 
forming intricately shaped parts 
are daily tasks of our electrochem- 
ical department. Chemical machin- 
ing can quickly produce prototype 
parts for evaluation by design en- 
gineers while maintaining critical 
tolerances. 
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GENERAL INFORMATION 

THE UNITED STATES 



INSTRUMENT ORDERS, TERMS, AND SHIPMENT 

Orders should be placed with your Tektronix Field 
Engineering Office listed on page 13. 

TERMS OF SALE 

Credit terms may be arranged through your Tektronix 
Field Engineer. 

Tektronix standard terms of sale are NET 30 DAYS, 
which is to agree that payment will be deferred for thirty 
days following shipment. 

Other terms are offered to meet varied purchasing 
objectives and to assist in financial planning. Some of 
these terms of sale are: 

Extended terms of 60 to 120 days are available on the 
same single payment basis as standard terms. Since the 
cost of extended terms is not included in catalog prices, a 
service charge is added to the product invoice. 

Installment terms may be used to purchase instruments 
for use now, while payment is monthly for periods of six 
months to five years, depending on the amount to be 
financed. As little as 10% is advanced prior to shipment 
of an installment purchase. 

A term lease (buying the use of instrumentation rather 
than the equipment) of six months to five years is avail- 
able. At the expiration of the lease there is the oppor- 
tunity to update your instruments, to renew the existing 
lease for a modest annual rental, or to return the equip- 
ment at Tektronix expense. 

All prices, quotations and shipments are FOB Beaverton, 
Oregon. 

Unless otherwise specified, shipment will be made via 
most economical method. Surface and air shipments will 
be insured at full valuation unless your order instructs 
otherwise. 



FIELD MAINTENANCE 

To help assure adequate instrument-maintenance facili- 
ties for our customers, Tektronix has established Field 
Engineering Offices and Service Centers at strategic points 
in the United States. Your own Tektronix Field Office will 
process all orders for repair parts promptly, and provide 
emergency parts service when needed to restore an instru- 
ment to operating condition. Your Field Office will also 
arrange for fast service with necessary adjustments or 
repair of your instruments at a nearby Service Center. 

Tektronix repair and replacement-part service is geared 
directly to the field, therefore all requests for repairs and 
replacement parts should be directed to the Tektronix 
Field Office in your area. This procedure will assure you 
the fastest possible service. Please include instrument 
Type number and Serial number with all requests for 
parts or service. PLEASE DO NOT RETURN INSTRUMENTS 
OR PARTS BEFORE RECEIVING DIRECTIONS. 

WARRANTY 

All Tektronix instruments are warranted against defec- 
tive materials and workmanship for one year. Tektronix 
transformers, manufactured in our own plant, are war- 
ranted for the life of the instrument. 

Questions regarding warranty should be discussed 
with your Tektronix Field Engineer. 



TEKTRONIX, INC. 

An Oregon Corporation 
Corporate Offices and Plant Located at: 

TEKTRONIX INDUSTRIAL PARK 
14150 S.W. KARL BRAUN DRIVE 
BEAVERTON, OREGON 

Mailing Address: P. O. Box 500, Beaverton, Oregon 97005 
Telephone: (503) 644-0161 TWX: 503-291-6805 Telex: 36-691 Cable: TEKTRONIX 
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UNITED STATES FIELD ENGINEERING OFFICES 



TEKTRONIX, INC. 

P. O. Box 500, Beaverton, Oregon 97005 

Telephone: (503) 644-0161 TWX— 503-291-6805 Telex: 36-691 Cable: TEKTRONIX 

FIELD ENGINEERING OFFICES 



ALABAMA 

Huntsville 35801 

Suite 27, 3322 S. Memorial Parkway 
Phone (205)881-2912, Telex 59-4422 



ARIZONA 

Phoenix 

7045 E. Camelback Road 
Scottsdale 85251 

Phone (602)946-4273, Telex 66-7401 
Tucson Area: Enterprise 383 



CALIFORNIA 

Alhambra 91801 

Suite D, 1525 S. Garfield Avenue 
Phone (213)576-1601. Telex 6-74397 
From L.A. call: 283-0501 

Concord 94520 
2339 Stanwell Circle 
Phone (415)687-8350, Telex 335-344 
From Oakland, Berkeley, Richmond, 
Albany and San Leandro: 254-5353 

Orange 92667 

1722 E. Rose Avenue 

Phone (714)633-3450,. Telex 6-78432 

Palo Alto 94303 
3750 Fabian Way 

Phone (415)326-8500, Telex 34-8411 
San Diego 92120 

Suite 107, 6150 Mission Gorge Road 
Phone (714)283-6225, Telex 69-5025 

San Jose 

Suite IB, 1725 De La Cruz Blvd. 

Santa Clara 95050 

Phone (408)296-3010, Telex 34-6439 

Santa Barbara 93104 
1310 Santa Barbara Street 
Phone (805)963-1848, Telex 658-411 
From Island of Oahu, 

Hawaii Area: Enterprise 5-700 

Van Nuys 91406 
16930 Sherman Way 
Phone (213)987-2600, Telex 65-1426 
From L.A. call: 873-6868 



COLORADO 

Denver 80222 

2120 South Ash Street 

Phone (303)757-1249, Telex 045-662 



CONNECTICUT 

Hartford 

809 Main Street 

East Hartford 06108 

Phone (203)289-8695, Telex 9-9338 

Stamford 06902 

125 Strawberry Hill Avenue 

Phone (203)325-3817, Telex 096-5917 



FLORIDA 

Fort Lauderdale 33311 

1871 West Oakland Park Blvd. 

Phone (305)581-0221, Telex 51-4474 
Also serves Puerto Rico and 
U.S. Virgin Islands 
Orlando 32803 

Suite 185, 1010 Executive Center Dr. 
Phone (305)841-2382, Telex 56-4465 
From The Cape Kennedy Area: 
636-0343 



GEORGIA 

Atlanta 30329 

Suite 106, 1680 Tullie Circle. N.E. 
Phone (404)633-0344, Telex 05-42233 



ILLINOIS 

Hinsdale 60521 

Suite 111, 119 E. Ogden Avenue 
Phone (312)325-3050, Telex 02-53694 

Park Ridge 60068 
400 Higgins Road 

Phone (312)825-6666, Telex 02-53374 



INDIANA 

Indianapolis 46205 

3937 N. Keystone Avenue 

Phone (317)546-2408, Telex 027-348 



KANSAS 

Kansas City 

Suite 106, 5845 Horton 
Mission 66202 

Phone (913)432-1003, Telex 04-2321 



MARYLAND 

Baltimore 

1526 York Road 
Lutherville 21093 

Phone (301)825-9000, Telex 087-804 
From Harrisburg, Lancaster and 
York Area call: Enterprise 1-0631 

Rockville 20852 

1500 East Jefferson Street 

Phone (301)427-0700, Telex 89-2337 



MASSACHUSETTS 

Boston 

244 Second Avenue 
Waltham 02154 

Phone (617)894-4550, Telex 92-3446 



MICHIGAN 

Detroit 

22132 West Nine Mile Road 
P.O. Box 363 
Southfield 48075 

Phone (313)358-3122, Telex 023-400 
Lansing 48910 

Suite 10, 6425 S. Pennsylvania Ave. 
Phone (517)393-5280, Telex 22-9423 



MINNESOTA 

Minneapolis 55426 

Suite 115, 7515 Wayzata Blvd. 

Phone (612)545-2581, Telex 029-699 

St. Paul 

Pentagon Office Park 
4930 West 77th Street 
Edina 55435 

Phone (612)920-1860, Telex 29-5393 



MISSOURI 

St. Louis 63135 
119 North Harvey 

Phone (314)524-0900, Telex 044-851 



NEVADA 

Las Vegas 89102 

5128 West Charleston Blvd. 

Phone (702)870-8201, Telex 68-4419 



NEW JERSEY 

Cherry Hill 08034 

905 Kings Highway North 

Phone (609)667-4333, Telex 84-5338 

Springfield 07081 

964 South Springfield Avenue 

Phone (201)379-1670, Telex 1-26344 



NEW MEXICO 

Albuquerque 87108 
1258 Ortiz Drive, S.E. 

Phone (505)268-3373, Telex 66-0421 
Southern N.M. Area: Enterprise 678 



NEW YORK 

Buffalo 14225 

965 Maryvale Drive 

Phone (716)633-7861, Telex 091-385 

Endicott 

3214 Watson Blvd. 

Endwell 13763 

Phone (607)748-8291, Telex 933-421 



Poughkeepsie 12603 

12 Raymond Avenue 

Phone (914)471-3620, Telex 96-816 

Roslyn Heights, L.l. 11577 

125 Mineola Avenue 

Phone (516)484-2300 

Telex ROSN 01-26446 

Syracuse 13211 

East Molloy Road & Pickard Drive 
P.O. Box 155 

Phone (315)455-6666, Telex 937-239 



NORTH CAROLINA 

Greensboro 27405 

1011 Homeland Avenue 

Phone (919)274-4647, Telex 57-4416 



OHIO 

Cleveland 44129 

Suite 101, 5562 Pearl Road 

Phone (216)884-6558, Telex 098-5217 

Columbus 

Suite 5, 12 West Selby Blvd. 
Worthington 43085 
Phone (614)888-4040 
Telex WOGN 024-684 
Dayton 45439 

3309 Office Park Drive, Suite 103 
Phone (513)293-4175, Telex 02-88225 



OREGON 

Portland 

8845 S.W. Center Court 
Tigard 97223 

Phone (503)639-7691. Telex 36-0205 

PENNSYLVANIA 

Philadelphia 

126 Presidential Blvd. North 

Bala-Cynwyd 19004 

Phone (215)839-3111, Telex 083-4218 

Pittsburgh 

3834 Northern Pike 

Monroeville 15146 

Phone (412)351-3345, Telex 086-761 

TEXAS 

Dallas 75207 

Suite 162, 2600 Stemmons Freeway 
Phone (214)631-4560, Telex 073-2217 

Houston 77027 

Suite H, 3723 Westheimer 

Phone (713)622-8141, Telex 077-494 

New Orleans, Louisiana Area: 

WX 3093 

San Antonio 78209 
8031 Broadway 

Phone (512)826-0686, Telex 76-7456 



UTAH 

Salt Lake City 84115 
65 West 2950 South 
Phone (801)484-8501, Telex 388-365 



VIRGINIA 

Alexandria 22304 

Suite 102, 6000 Stevenson Avenue 
Phone (703)751-6096, Telex 8-9406 

Hampton 23366 
1310 Todds Lane 

Phone (703)826-4020, Telex 82-3409 



WASHINGTON 

Seattle 98188 
410 Baker Blvd. 

Andover Industrial Park 
Phone (206)243-2494, Telex 032-488 
From Pullman, Richland, Spokane, 
Yakima: Zenith 9369 



WISCONSIN 

Milwaukee 53226 

Mayfair Plaza 

2421 North Mayfair Road 

Phone (414)476-6850, Telex 2-6604 
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GENERAL INFORMATION 

CUSTOMERS OUTSIDE THE UNITED STATES 



To provide you with personal assistance in ordering as well as servicing Tektronix instruments, we have established 
Field Engineering Offices and technically qualified Tektronix distributors in many countries throughout the world. The 
Tektronix office or distributor in your country will be pleased to help you select the instrument that best suits your re- 
quirements in performance, and provide you with prompt ordering service. 



SERVICE 

If you require service, replacement parts, a warranty 
question resolved, or other help, please notify the Tek- 
tronix facility through which you ordered your instrument. 
They will process all orders for repair parts promptly, 
and provide emergency parts service when needed to 
restore an instrument to operating condition. They will 
also arrange for fast service with necessary recalibration 
or repair work on your instrument. 



WARRANTY 

All Tektronix instruments are warranted against defec- 
tive material and workmanship for one year from date 
of shipment. Tektronix transformers, manufactured in our 
own plant, are warranted for the life of the instrument. 



PLEASE DO NOT RETURN INSTRUMENTS OR PARTS BE- 
FORE RECEIVING DIRECTIONS. 



COUNTRIES WITH TEKTRONIX 
FIELD ENGINEERING OFFICES 



AUSTRALIA 

CANADA 

FRANCE 

JAPAN 

SWITZERLAND 
UNITED KINGDOM 
Listed on page 15 



The Tektronix Field Engineer- 
ing office in your country will 
provide you with quotations 
and accept your orders. Nor- 
mally, prices quoted are FOB 
your plant. 



COUNTRIES WITH 
TEKTRONIX DISTRIBUTORS 

Listed on pages 15 and 16 



Your Tektronix distributor 
will provide you with quo- 
tations FOB your country 
and accept your orders. 



COUNTRIES WITH NO TEKTRONIX DISTRIBUTOR OR TEKTRONIX FIELD ENGINEERING OFFICE 



Please address your inquiries and orders to: 

Tektronix, Inc. 

International Marketing Dept. 

P. O. Box 500 

Beaverton, Oregon 97005 USA 

INFORMATION AND QUOTATIONS 

Staff Field Engineers will be pleased to provide you 
with information on Tektronix instruments and answer your 
technical questions. A pro forma invoice will be issued, 
if requested, indicating price and sales conditions. When 
pro forma invoice or purchase order acknowledgement is 
issued, we will indicate the documents needed to ship 
your order. We will be glad to prepare necessary export 
documentation for you and make all shipping arrange- 
ments. 



METHOD OF PAYMENT 

We would like to make our products available to cus- 
tomers on open account terms, whenever conditions per- 
mit. Other credit terms are available for a customer's 
particular requirements. However, due to political, foreign 
exchange, and regulatory conditions in many areas of the 
world, credit terms are not always available. In those 
cases, advance payment or irrevocable letters of credit 
are required. 

SHIPMENTS 

Unless otherwise requested, shipments will be made 
by the most economical method. 
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INTERNA TIONAL 
FIELD OFFICES AND DISTRIBUTORS 



TEKTRONIX INTERNATIONAL FIELD OFFICES 



AUSTRALIA 

Tektronix Australia Pty. Limited 

North Ryde, N.S.W. 2113 
80 Waterloo Road 
Phone 88-7066 

Cable: TEKTRONIX AUSTRALIA 

Adelaide, South Australia 5000 
128 Gilles Street 
Phone 23-2811 

Melbourne, Victoria 3004 
Suite 20, 67 Queen's Road 
Phone 51-1592 



CANADA 

Tektronix Canada Limited 

Montreal 308, Quebec 
5050 de Sorel Street 
Phone (514)731-3761, Telex 01-2867 
Cable: TEKANADA 

Ottawa 6, Ontario 

28A Northside Road, Bells Corners 
Phone (613)828-5171, Telex 01-3419 

Downsview, Ontario 

1177 Finch Avenue, West 

Phone (416)638-6404, Telex 02-2776 



Vancouver, British Columbia 

2180 West Broadway 

Phone (604)736-0265, Telex 04-50262 



FRANCE 

Relations Techniques Intercontinentales 

91, Orsay 

Z. I. Courtaboeuf 
Route de Villejust 
(Boite Postale 13) 

Phone 920 61 73 
Cable: TEKFRANS Orsay 

(69) Lyon 7° 

Centre Regional de Lyon 
166, Avenue Berthelot 
Phone (78) 72.00.70 

(6) Nice 

Centre Regional de Nice 
11, Avenue Valdiletta 
Phone (93) 84.05.93 

(35) Rennes 

Centre Regional de Rennes 
6, Avenue Barthou 
Phone (99) 00.84.42 



(31) Toulouse 

Centre Regional de Toulouse 
15, rue Joseph Vie 
Phone (61) 42.04.50 

JAPAN 

Sony/Tektronix Corporation 

Tokyo 141 

10-14 Osaki -2, Shinagawa-Ku 

(P.O. Box 14, Haneda Airport, Tokyo 149) 

Phone 493-3311 (Area 03/Tokyo) 

Telex TK 2262, TK 2436, TK 4666 
Cable: SONYTEK TOKYO 

SWITZERLAND 

Tektronix International A.G. 

6300 Zug 

Alpenstrasse No. 9 

Phone 042 21.91.92, Telex 78808 

Cable: TEKINTAG 

UNITED KINGDOM 

Tektronix U.K. Limited 

Harpenden, Herts 

Beaverton House, Station Approach 
Phone Harpenden 61251, Telex 25559 
Cable: TEKTRONIX HARPENDEN 



INTERNATIONAL DISTRIBUTORS AND REPRESENTATIVES 

Supplied and Supported by Tektronix, Inc., P.O. Box 500, Beaverton, Oregon, U.S.A. 97005 
Telephone: (503) 644-0161 Telex: 36-691 Cable: TEKTRONIX 

PAKISTAN 



ARGENTINA 

Coasin S.A. 

Buenos Aires 

Virrev del Pino 4071 

Phone 52-3185 & 51-9363, Telex 012-2284 
Cable: COASIN, Buenos Aires 



BRAZIL 

Importacao, Industria e Comercio 
Ambriex, S.A. 

Rio de Janeiro 

Av. Graca Aranha 
226-6° andar, s/601-609 
Phone 42-7990 42-7291 & 52-9873 
Cable: RAIOCARDIO Rio de Janeiro 

Sao Paulo 811 

Av. Pacaembu 

Phone 52-0655 & 51-0912 

Cable: RAIOCARDIO Sao Paulo 



CEYLON 

Maurice Roche Limited 

Colombo 

P.O. Box 61 

Cable: LAXAPANA Colombo 



CHILE 

Pentz & Cia. Ltda. 

Santiago 

Casilla 2839, Matias Cousino 68 

Phone 63010 

Cable: PETIER Santiago 



COLOMBIA 

Manuel Trujillo Venegas e Hijo Ltda. 

Bogota 

Carrera 7° #48-71 
Apartado Aereo No. 20702 
Phone 320679 
Cable: TRUVEHIJO Bogota 



HONG KONG 

Gilman & Co. Ltd., Engineering Dept. 

P.O. Box 56 

(8th Floor, Alexandra House) 

(Des Voeux Road, Central) 

Phone H-22701 1 , Telex HKG-358 
Cable: GILMAN 

INDIA 

Hinditron Services Private Ltd. 

Bombay 6 

Manesha 

69/A Nepean Sea Road 
Phone 365344, Telex 594 
Cable: TEKHIND (BOMBAY) 

KOREA 

M-C International 

Seoul 

Room 516, Bando Bldg. 

P. O. Box 1355 

Phone 22-4316, 22-6891, 28-1415 
Cable: EMCEEKOREA Seoul 

MALAYSIA 

Mecomb Malaysia Sendirian Berhad 

Selangor 

2, Lorong 13/6A, Section 13 
Petaling Jaya 
Phone 53570, 53478 

MEXICO 

Fredin, S.A. 

Mexico 5, D.F. 

Melchor Ocampo No. 212-505 
(Mexico 17, D.F. 

P.O. Box 53-905) 

Phone 46-44-21 

NEW ZEALAND 

W. & K. McLean, Ltd. 

Auckland 

103-105 Felton Mathew Avenue 

Glen Innes 

P.O. Box 3097 

Phone 586-000 

Cable: KOSFY Auckland 



Pak-Land Corporation 

Karachi 29 

Central Commercial Area 

Iqbal Road 

P.E.C.H. Society 

Phone 472315 

Cable: PAKLAND Pakistan 

PERU 

Importaciones y Representaciones 
Electronicas, S.A. 

Lima 

Franklin D. Roosevelt 105 

Phone 72076 

Cable: IREING, Lima 

SINGAPORE 

Mechanical & Combustion 
Engineering Co. (Pte) Ltd. 

Singapore 3 

9, Jalan Kilang 

(P.O. Box 46, Alexandra Post Office) 
Phone 642361-3 
Cable: MECOMB 

TAIWAN 

Heighten Trading Co. Ltd. 

Taipei 

16 Nan-King East Road, SEC3 
(P.O. Box 1408) 

Republic of China 
Phone 518324, 518372 
Cable: “HEIGHTEN" Taipei 

THAILAND 

G. Simon Radio Co. Ltd. 

Bangkok 

30, Patpong Avenue, Suriwong 
Phone 33969, 33960 
Cable: SIMONCO Bangkok 

VENEZUELA 

Coasin C.A. 

Caracas 

Edificio La Linea-Av. Libertador 
entre Las Palmas y Las Acacias 
(Apartado 50939-Sabana Grande No. 1) 
Phone 72-9637 

Cable: INSTRUVEN, Caracas 
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INTERNA TIONAL DISTRIBUTORS 



INTERNATIONAL DISTRIBUTORS AND REPRESENTATIVES 



Supplied and Supported by Tektronix Limited, P. O. Box 36, St. Peter Port, Guernsey, Channel Islands 

Telephone: Guernsey 23411, Telex: 41193 

Tektronix Limited maintains a warehouse of United States-made Instruments, accessories and parts on the Island of Guernsey to quickly 
support these distributors in filling customer orders. Technical support of customers and distributors is also available from this facility 
In addition, Tektronix has manufacturing facilities within the European Economic Community and European Free Trade Association 



ANGOLA 

Equipamentos Tecnicos, Lda. 

Luanda 

Rua Serpa Pinto 39 
Caixa Postal 6319 
Phone Luanda 6917 
Cable: EQUIPAL Luanda 



AUSTRIA 

Inglomark Markovitsch & Co. 

A-1151 Wien 
P.O. Box 73 

Phone (0222) 83-05-08, Telex (1) 1393 
Cable: INGLOMARK Wien 



BELGIUM 

Regulation Mesure, SPRL 

Bruxelles 15 

22, Rue Saint-Hubert 

Phone 71.20.20, Telex 02-21520 



DENMARK 

Tage Olsen A.S. 

Copenhagen 0 

1, Ronnegade 

Phone (01) 29.48.00, Telex 5788 
Cable: TOCOPEN, Copenhagen 



EAST AFRICA (Kenya, Tanzania, Uganda) 

Projects Development Limited 

Nairobi, Kenya 

Uniafric House, P.O. Box 8828 
Phone 21239 

Cable: PRODEVEL, Nairobi 



FINLAND 

Into O/Y 

Helsinki 

P.O. Box 153, 11, Meritullinkatu 

Phone 11123 

Cable: INTO, Helsinki 



GREECE 

Marios Dalleggio Representations 

Athens 139 

2, Alopekis Street 
Phone 710.669, Telex 216435 
Telex Answer Code: DALM GR 
Cable: DALMAR Athens 



ISRAEL 

Eastronics Ltd. 

Tel Aviv 

75 Haifa Road, P.O. Box 21029 
Phone 440-466, Telex 033-638 
Cable: EASTRONIX Tel Aviv 



ITALY 

Silverstar Ltd. 

Milano 20146 

Via dei Gracchi No. 20 

Phone 46.96.551/2/3/4 5 and 

49.80.151/2/3/4/5 

Telex 32634 SILSTAR MILANO 

Cable: SILVERSTAR MILANO 



Roma 00198 

Via Paisiello No. 30 

Phone 855.366, 869.009, 854.554 

and 854.529 

Telex 61511 SILSTAR ROMA 
Cable: SILVERSTAR ROMA 

Torino 10129 

Corso Castelfidardo No. 21 
Phone 540.075 and 543.527 
Cable: SILVERSTAR TORINO 



LEBANON 

Projects 

Beirut 

P.O. Box 5281 
Phone 241200 
Cable: PROJECTS Beirut 



MOROCCO 

F. Pignal, Materiel Radio En Gros 

Casablanca 

21/29 Boulevard Girardot 
Phone 702-61 

Cable: PIRADIO Casablanca 



MOZAMBIQUE 

Equipamentos Tecnicos, Lda. 

Lourenco Marques 

Av. 24 de Julho, 1847 
Phone 2601 

Cable: EQUIPAL-Lourenco Marques 



THE NETHERLANDS 

C.N. Rood, N.V. 

Rijswijk 

13 Cort van der Lindenstraat 
P.O. Box 4542 

Phone The Hague 98.51.53, Telex 31238 
Cable: ROODHOLLAND G.V. 



NORWAY 

Morgenstierne & Co. A/S 

Oslo 

Konghellegt.3. 

(P.O. Box 6688 Rodelokka, Oslo 5) 
Phone (02) 37 29 40, Telex 1719 
Cable: MOROF Oslo 



PORTUGAL 

Equipamentos de Laboratorio Lda. 

Lisboa 1 

Rue Pedro Nunes 47 
Phone 73.34.36 & 73.34.37 
Cable: EQUILAB, Lisboa 



REPUBLIC OF SOUTH AFRICA 

Protea Physical & Nuclear 
Instrumentation (Pty) Ltd. 

Johannesburg 

Wemmer 

Phone 838-8351, Telex J7337 
Cable: MANLU 



SPAIN 

C.R. Mares, S.A. 

Barcelona (9) 

Valencia 333 

Phone 257.62.00, Telex 54676 
Cable: SERAM Barcelona 

Madrid (15) 

Gaztambide, 54-1° 

Phone 243-08-38, Telex 07332 
Cable: SERAM Madrid 



SWEDEN 

Erik Ferner, A.B. 

Bromma 

Snormakarvagen 35, Box 56 
Phone 08/252870, Telex 10312 
Cable: SCIENTRON, Stockholm 

Goteborg 

O. Annebergsvagen 19, Box 30 
Partille 

Phone 031-444130 



TUNISIA 

Selection Internationale 

Tunis 

17, Rue Kamel 
Ataturk 

Cable: INTERSEL Tunis 



TURKEY 

M. Suheyl Erkman 

Istanbul 

Necatibey Cad No. 207, Galata 
Phone 441546 

Cable: INGMESUER Istanbul 



WEST GERMANY 

Rohde & Schwarz Handels-GmbH 

1000 Berlin 10 
Ernst-Reuter-Platz, 10 
Phone 34 05 36, Telex 0 181 636 
Cable: ROHDESCHWARZ Berlin 

2000 Hamburg 50 
Grosse Bergstrasse 213-217 
Phone 38 14 66, Telex 0 213 749 
Cable: ROHDESCHWARZ Hamburg 

7500 Karlsruhe 
Kriegsstrasse 39 

Phone 2 39 77, Telex 7 826 730 
Cable: ROHDESCHWARZ Karlsruhe 

5000 Koeln 

Hohe Strasse 160-168 

Phone 23 30 06. Telex 08 882 917 

Cable: ROHDESCHWARZ Koeln 

8000 Muenchen 

Dachauer Strasse 109 

Phone 52 10 41, Telex 0 522 953 

Cable: ROHDESCHWARZVERTRIEB Muenchen 
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Instrument Dimensions 





RACK MOUNT INSTRUMENTS 


EXCLUSIVE OF PLUG-IN UNITS AND PROBES 


Symbol 


Description 


Definition 


H 


Height 


Height of front panel. 


W* 


Width 


Width of front panel. 


L 


Length 


Rack front to rearmost permanent 
fixture, excluding cables. 


F 


Forward Clearance 


Back of front panel to foremost 
protrusion. 


G 


Vertical Axis 


Bottom of front panel to horizontal 
plane of rotation. 


E 


Extended Inst. 


Maximum forward clearance with 
instrument out and horizontal. 


RF 


Radius — front 


Front radius of rotation. 


RR 


Radius — rear 


Rear radius of rotation. 


T 


Track 


Rack front to pivot point. 


C 


Cabinet 


Cabinet height. 



* Note: Instruments mount to a standard 19-inch wide rack. 



These instruments mount with sliding tracks 

in a cabinet that mounts to a standard 19 in wide rack. 

These instruments mount with sliding tracks to a standard 1 9 in wide rack. 

Rear support for sliding tracks is required, such as an enclosed rack. 

These instruments bolt directly to a standard 19 in wide rack. They can be ordered 
at additional cost, with tilt-lock, sliding tracks. Rear support for tracks is required. 











MOUNTING DIMENSIONS 


TYPE 








H 


L 




F 




G 




E 




RF 


RR 


T 




c 




in 


cm 


in 


cm 


in 


cm 


in 


cm 


in 


cm 


in 


cm 


in 


cm 


in 


cm 


in 


cm 


RM15 








87. 


22.2 


22"/, « 


57.6 


i% 


4.5 


27, 


6.1 


29"/, 4 


75.4 


13' 7,4 


34.8 


127. 


31.4 


16% 


41.9 


8% 


21.6 


RM17 








7 


17.8 


18'/s 


46.0 


174 


4.5 


27, 


7.3 


21 7,4 


53.8 


127,4 


31.8 


87,4 


21.1 


97, 


23.2 


6' 7,4 


17.3 


RM35A 








14 


35.6 


22"/,, 


57.6 


2 


5.1 


6' 7,4 


17.8 


297,4 


74.7 


147,4 


35.7 


127,4 


31.9 


16% 


4 hT ~ 


13' 7„ 


35.1 


RM122 








5% 


13.3 


6 


15.2 


'7, 


2.4 






















4 


10.2 


RM125 








5% 


13.3 


137,< 


34.5 


7. 


2.2 






















47,4 


10.3 


RM502A 








12% 


31.1 


22 3 / 4 


57.8 


I' 3 /,. 


4.6 


57, 


14.9 


28% 


71 .7 


157, 


39.7 


107,4 


26.2 


137, 


33.2 


11% 


28.6 


RM503, RM504 








7 


17.8 


17 


43.2 


17. 


4.5 


3% 


8.9 


22"/, 4 


57.6 




30.3 


77. 


19.7 


II'/. 


28.3 


6 7 / 8 


17.5 


RM529 








5% 


13.3 


18% 


46.4 


17. 


4.5 


27, 


6.1 


21% 


54.1 


127. 


30.8 


87,4 


21.5 


97, 


23.8 


57, 


13.1 


RM543B, RM544 








14 


35.6 


22"/, 4 


57.7 


1 '7,4 


5.0 


6' 3 /„ 


17.3 


28% 


33.0 


13% 


34.3 


12-7,4 


32.9 


16% 


41.3 


13’7,4 


35.4 


RM545B, RM546 
RM547 












































RM561 B 








7 


17.8 


18% 4 


46.9 


17. 


4.5 


27, 


6.1 


24%, 


60.8 


137. 


34.9 


77. 


20.0 


11 


27.9 


67. 


17.2 


RM564B 








7 


17.8 


187,4 


46.9 


17. 


4.5 


27, 


6.1 


247,4 


60.8 


137. 


34.9 


77. 


20.0 


11 


27.9 


67. 


17.2 


RM565 








12% 


31.1 


227,4 


56.4 


I’ 3 /,. 


4.6 


27. 


6.1 


30% 


77.4 


157,4 


39.1 


137,4 


33.2 


167, 


42.2 


127,4 


31.0 


RM567 








12% 


31.1 


CN 

CN 


56.4 


1 '7,4 


4.6 


77, 


19.4 


317,4 


80.1 


16% 


41.0 


117,4 


28.3 


167, 


42.2 


1 4' 7,4 


38.0 


RM585A 








14 


35.6 


22"/, 4 


57.7 


2 


5.1 


6' 7,4 


17.8 


297,4 


74.7 


147,4 


35.7 


127,4 


31.6 


16 7. 


41.3 


13-7,4 


35.1 


R116 








5% 


13.3 


177,4 


44.6 


17, 


4.1 


17. 


4.5 


25 3 /. 


65.4 


1 1 7,4 


29.4 


87. 


21 0 


147, 


37.2 


5Vh 


1 2.8 


R230, R240, 








7 


17.8 


21 


53.3 


2 


5.1 


17. 


4.4 


287, 


88.8 


147,4 


36.6 


107,4 


25.8 


15% 


23.6 


7 


17.8 


R241 , R250 












































R293 








3% 


8.8 


167,4 


41.4 


17, 


4.8 


17. 


4.5 


227,4 


56.4 


97. 


24.5 


87,4 


20.8 


127. 


32.1 


37, 


8.6 


R422 








7 


17.8 


12% 


31.8 


l' 3 /,. 


4.6 


3% 


8.9 


167, 


42.3 














67. 


17.2 


R453 








7 


17.8 


177, 


44.1 


l' 3 /,, 


4.6 


3% 


8.9 


20"/, 4 


52.6 


117. 


29.5 


77. 


20.0 


97„ 


23.7 


67. 


17.2 


R454 








7 


17.8 


177, 


44.1 


1 '7,4 


4.6 


3% 


8.9 


20"/, 4 


52.6 


H7. 


29.5 


77, 


20.0 


97,4 


23.7 


67. 


17.2 


R491 








7 


17.8 


177a 


44.2 


2%, 


5.2 


3% 


8.9 


217,4 


53.5 


11 '7,4 


30.4 


8% 


21.6 


97,4 


23.7 


6’ 7,4 


17.3 


R520 








7 


17.8 


177, 


44.8 


2 


5.1 


























R556 








14 


35.6 


22' 7,4 


57.9 


17. 


4.5 


8% 


20.7 


307,4 


77.0 


13% 


33.3 


14% 


36.2 


18% 


57.0 


137. 


35.2 


R568 








7 


17.8 


21 


53.3 


2 


5.1 


17. 


4.4 


287, 


88.8 


147„ 


36.6 


107,4 


25.8 


15% 


23.6 


7 


17.8 


R647A 








7 


17.8 


19 


48.3 


1"/,, 


4.3 


27,4 


6.2 


277, 


70.9 


137. 


34.5 


8"/, 4 


22.1 


167, 


41.6 


137. 


35.2 


127 








87. 


22.2 


217, 


55.0 


17. 


4.5 


27, 


6.1 


28"/,. 


72.9 


127. 


32.4 


12% 


31.1 


16% 


41.9 


8% 


21.6 


129 








10% 


26.6 


21 7, 


55.0 


2 


5.1 


17. 


4.5 


29% 


74.9 


177, 


44.8 


117,4 


28.3 


137. 


33.7 


10% 


26.8 


262 








5% 


13.3 


177,4 


44.6 


17. 


4.1 


17. 


4.5 


20% 


52.7 


117,4 


29.4 


8% 


21.0 


147. 


37.2 


57,4 


12.9 


016 0086-01 








5% 


13.3 


17' 7,4 


45.6 


7. 


1.0 






















57,4 


13.8 


016-0115-01 








5% 


13.3 


17 


43.2 






























437-0031-00 








8 3 / 4 


22.2 


9% 


24.2 


% 


0.7 






















77,4 


18.0 


437-0071-00 








7 


17.8 


137, 


34.0 


17, 


4.0 






















67,4 


16.8 
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Shipping Volumes 



Type 


Domestic 

Pack 

Volume 

ft 3 


Export 

Pack 

Volume 

ft 3 




Type 


Domestic 

Pack 

Volume 

ft 3 


Export 

Pack 

Volume 

ft 3 




Type 


Domestic 

Pack 

Volume 

ft 3 


Export 

Pack 

Volume 

ft 3 




Type 


Domestic 

Pack 

Volume 

ft 3 


Export 

Pack 

Volume 

ft 3 


B 


0.9 


1.5 




3B3 


1.0 


1.7 




200-1 








RM15 


5.2 


9.9 


CA 


0.9 


1.5 




3B4 


1.0 


1.7 




200-2 








516 


3.5 


5.6 


C-12 


2.1 


4.8 




3B5 


1.0 


1.7 




201-1 


13.2 


14.5 




519 


7.8 


10.4 


C-27 


2.1 


4.8 




3C66 


1.0 


1.7 




201-2 


13.2 


14.5 




520 NTSC 


5.2 


9.3 


C-30A 


1.0 






3L5 


1.0 


1.7 




202-1 


13.2 


14.5 




520 PAL 


5.2 


9.3 


C-31 


1.0 






3L1 0 


1.2 


2.1 




202-2 


13.2 


14.5 




528 


1.9 


3.6 


C-40 


0.9 


2.1 




3S1 


1.0 


1.7 




205-1 


18.4 


20.2 




529 


2.4 


5.6 


Engine 








3S2 


1.0 


1.7 




205-2 


18.4 


20.2 




RM529 


5.2 


9.9 


Analyzer 








3S5 


1.0 


1.7 




205-3 


18.4 


20.2 




531 A 


5.4 


7.5 


Access 


2.2 


3.4 




3S6 


1.0 


1.7 




230 


5.2 


9.9 




533A 


5.4 


7.5 


G 


0.9 


1.5 




3T2 


1.0 


1.7 




R230 


5.2 


9.9 




535A 


5.4 


7.5 


i H 


0.9 


1.5 




3T5 


1.0 


1.7 




240 


5.2 


9.9 




RM35A 


6.7 


9.9 


K 


0.9 


1.5 




3T6 


1.0 


1.7 




241 


5.2 


9.9 




536 


5.4 


7.5 


L 


0.9 


1.5 




3T77A 


1.0 


1.7 




R250 


5.2 


9.9 




543 B 


5.4 


7.5 


M 


0.9 


1.5 




4S1 


1.9 


3.1 




262 


5.0 


9.9 




RM543B 


6.7 


9.9 


1 

1 ° 


0.9 


1.5 




4S2A 


1.9 


3.1 




263 


1.3 


3.1 




544 


5.4 


7.5 


Q 


0.9 


1.5 




4S3 


1.9 


3.1 




284 


1.3 


3.0 




RM544 


6.7 


9.9 


S-l 


0.3 


1.3 




5T3 


1.0 


1.7 




285 


0.3 


1.3 




545B 


5.4 


7.5 


S-2 


0.3 


1.3 




6R1 A 


2.4 


3.6 




292 


0.9 


1.5 




RM545B 


6.7 


9.9 


S-3 


0.6 






10A1 


1.0 


1.7 




31 0A 


1.9 


3.1 




546 


5.4 


7.5 


S-4 


0.3 


1.3 




10A2A 


1.0 


1.7 




317 


2.4 


3.6 




RM546 


6.7 


9.9 


S-50 


0.3 


1.3 




11B1 


1.0 


1.7 




RM1 7 


5.2 


9.9 




547 


5.4 


7.5 


S-51 


0.3 


1.3 




1 1 B2A 


1.0 


1.7 




321 A 








RM547 


6.7 


9.9 


T 


0.9 


1.5 




81 A 


1.0 


1.7 




w bat 


1.9 






549 


5.4 


7.5 


w 


0.9 


1.5 




82 


0.9 


1.5 




wo bat 


1.9 


3.1 




551 


5.4 


7.5 


1A1 


0.9 


1.5 




86 


0.9 


1.5 




323 


1.3 


3.0 




551 P.S. 


3.5 


5.6 


1A2 


0.9 


1.5 




106 


1.3 


3.1 




360 


1.3 


3.6 




555 


6.4 


9.2 


1A4 


0.9 


1.5 




109 


1.3 


3.1 




410 


1.9 


3.6 




555 P.S. 


3.5 


5.6 


1 A5 


0.9 


1.5 




111 


1.2 


2.1 




422 








556 


10.3 


11.2 


1A6 


0.9 


1.5 




113 


4.7 


6.8 




w cover 


3.7 


5.5 




R556 


10.3 


11.2 


1 A7A 


0.9 


1.5 




114 


1.3 


2.5 




422 125B 








561 B 


3.5 


5.6 


1L5 


1.2 


2.1 




115 


1.3 


3.1 




wo bat 


3.7 


5.5 




R561B 


5.2 


9.9 


1L10 


1.2 


2.1 




R1 1 6 


5.2 


9.9 




R422 


5.2 


9.9 




564 B 


3.5 


5.6 


1L20 


1.2 


2.1 




122 


0.8 


1.5 




R422 150B 


5.2 


9.9 




R564B 


5.2 


9.9 


1L30 


1.2 


2.1 




FM122 


0.8 


1.5 




R422 150E 


5.2 


9.9 




565 


6.7 


9.9 


1L40 


1.2 


2.1 




RM122 


1.9 


3.1 




453 








R565 


6.7 


9.9 


1S1 


1.9 


3.1 




125 


1.3 


4.8 




w cover 


3.7 


5.5 




567 


6.7 


9.9 


1 52 


1.9 


3.1 




FM125 


1.3 


4.8 




R453 


5.2 


9.9 




R567 


6.7 


9.9 


2A60 


1.0 


1.7 




RM125 


3.5 


5.6 




454 








568 


5.2 


9.9 


2A61 


1.0 


1.7 




127 


5.4 


9.9 




w cover 


3.7 


5.5 




R568 


5.2 


9.9 


2A63 


1.0 


1.7 




129 


6.7 


9.9 




R454 


5.2 


9.9 




575 


5.4 


7.5 


2B67 


1.0 


1.7 




130 


1.2 


2.1 




491 








575 122C 


5.4 


7.5 


3A2 


1.0 


1.7 




132 


1.9 


3.1 




w cover 


3.7 


5.5 




576 


6.8 




3A3 


1.0 


1.7 




133 


1.9 


3.1 




R491 


5.2 


9.9 




581 A 


5.4 


7.5 


3A5 


1.0 


1.7 




140 


5.2 


9.9 




502A 


4.1 


7.5 




585A 


5.4 


7.5 


3A6 


1.0 


1.7 




141 


5.2 


9.9 




RM502A 


6.7 


9.9 




R585A 


6.7 


9.9 


3A7 


1.0 


1.7 




160A 


1.3 


4.8 




503 


3.5 


5.6 




601 


1.9 


3.6 


3A8 


1.0 


1.7 




161 


0.8 


1.5 




RM503 


5.2 


9.9 




602 


1.9 


3.6 


3A9 


1.0 


1.7 




162 


0.8 


1.5 




504 


3.5 


5.6 




611 


5.5 


7.5 


3A72 


1.0 


1.7 




163 


0.8 


1.5 




RM504 


5.2 


9.9 




647A 


3.5 


5.6 


3A74 


1.0 


1.7 




175 


4.9 


9.9 




507 


5.4 


7.5 




R647A 


5.2 


9.9 


3A75 


1.0 


1.7 




184 


1.3 


3.1 




507 P.S. 


3.5 


5.6 




661 


5.4 


7.5 


3B2 


1.0 


1.7 




191 


1.3 


3.1 




51 5A 


3.5 


5.6 




1121 


1.7 


3.0 
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Symbols and Abbreviations 



4 



The user of this catalog may find some unfamiliar symbols and abbreviations. In general, Tektronix has adopted the 
Symbols For Units, IEEE Standard Number 260, dated January 15, 1965. The abbreviations have been adopted by Tek ■ 
tronix following a thorough study of available abbreviations and guidelines published by the National Bureau of Stand 
ards, United States Government, American Standards Association, and others. 

Many of these symbols and abbreviations are new, and inconsistencies between this list and other sources such as 
instrument panels and existing instrument manuals will be found. Future instruments and manuals will reflect adherence to 
these new symbols and abbreviations. 

Below are some of the symbols and abbreviations used in this catalog. Those symbols found in IEEE Standard Number 
260 are marked with an asterisk. 



alternating current AC 

*ampere A 

amplitude modulation AM 

approximate approx 

approximately equal to ~ or ^ 

attenuation atten 

audio frequency AF 

automatic auto 



bandwidth bw 

base b 

*bel B 

beta jj 




calibrate 

cathode-ray oscilloscope 
cathode-ray tube 
centimeter 
clockwise 



CRO 



common-mode rejection 
common-mode rejection ratio 
continuous wave 
counterclockwise 
current 



cal 

or scope 
CRT 
cm 
cw 
CMR 
CMRR 
CW 
ccw 
I 



*decibel dB 

♦decibel referred to one 

milliwatt dBm 

deflection factor DF 

*degree ° 

*degree Celsius (centigrade) °C 

♦degree Fahrenheit °F 

♦degree Kelvin °K 

delay dly 

delay line DL 

differential diff 

direct current DC 

division div 

electrocardiogram ECG 

electroencephalogram EEG 

electromagnetic interference EMI 



♦farad 

*foot 

♦foot lambert 
frequency modulation 



♦IEEE Standard Number 260 



F 

ft 

fL 

FM 



giga G 

*gigahertz GHz 

graticule grat 

gravity unit g 

greater than > 

greater than or equal to > 

ground gnd 

♦henry H 

♦hertz Hz 

horsepower hp 

*hour h 

impedance Z 

♦inch in 

inductance L 

intermediate frequency IF 

kilo k 

♦kilogram kg 

♦kilohertz kHz 

kilohm kfi 

kilometer km 

*kilovolf kV 

less than < 

less than or equal to < 

local oscillator LO 

low frequency LF 

maximum max 

mega M 

♦megahertz MHz 

♦megohm MQ 

♦meter m 

micro p 

♦microsecond ps 

milli m 

♦millimeter mm 

♦millisecond ms 

♦millivolt mV 

minus — 

nano n 

♦nanosecond ns 

National Television NTSC 

System Committee 

negative neg 



ohm 


Q 


operational amplifier 


op amp 


oscilloscope scope or CRO 


pair 


pr 


parts per million 


P/M 


peak to peak 


P-P 


per 


/ 


phase alternate line 


PAL 


♦pico 


P 


♦picoampere 


pA 


♦picofarad 


pF 


♦picosecond 


ps 


plus 


+ 


plus and minus 


-f- and — 


plus or minus 


± 


positive 


pos 


pulse per second 


p/s 


pulse-repetition rate 


PRR 


pulse width 


PW or t p 


radio-frequency interference 


RFI 


resistance 


R 


resistance-capacitance 


RC 


resisfance-i nd ucta nee 


RL 


♦revolution per minute 


r/min 


risetime 


Fi- 


root mean square 


rms 


♦second (time) 


s 


serial number 


SN 


signal 


sig 


signal-to-noise ratio 


S/N 


standing-wave ratio 


SWR 


storage time 


t, 


sweep 


swp 


synchronize 


sync 


temperature 


T 


time domain reflectometry 


TDR 


tolerance 


tol 


transconductance 


gm 


vertical interval test signal 


VITS 


♦volt 


V 


♦watt 


w 
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Glossary of Terms 



This glossary is published to promote better communication 
through a common concept of oscilloscope terms. 

Terms which have particular meaning to different technolo- 
gies are identified by a key following the term. 



General Terms none 

Sampling Terms (S) 

Optical Terms (O) 

Spectrum Analyzer Terms (SA) 

Cathode-Ray Tube and Storage Terms . . (CRT) 
Digital Instrument Terms (Dl) 



accelerating voltage — The cathode-to- 
viewing-area voltage applied to a cath- 
ode-ray tube for the purpose of acceler- 
ating the electron beam. 

address (Dl ) — An expression identifying 
a location where information is stored. 

alternate display — A means of displaying 
output signals of two or more channels 
by switching the channels in sequence. 

astigmatism — In the viewing plane of the 
cathode-ray tube, any deviation of the 
indicating spot from a circular shape. 

attenuator — A device for reducing the 
amplitude of a signal without deliberate- 
ly introducing distortion. 

automatic triggering — A mode of trigger- 
ing in which one or more of the trigger- 
ing circuit controls are preset to condi- 
tions suitable for automatically displaying 
repetitive waveforms. The automatic 
mode may also provide a recurrent trig- 
ger or recurrent sweep in the absence 
of triggering signals. 

background luminance (CRT ) — The lumi- 
nance of the stored target when it is 
completely erased and at a specified 
operating voltage. 

balanced circuit — A circuit in which two 
branches are electrically alike and sym- 
metrical with respect to a common ref- 
erence point, usually ground. For an ap- 
plied signal difference at the input, the 
signal relative to the reference at equiva- 
lent points in the two branches must be 
opposite in polarity and equal in ampli- 
tude. 

balanced sampling gate (S ) — A type of 
sampling gate arranged so that strobe 
currents are balanced to minimize kick- 
out. 

bandwidth — Of an oscilloscope, the dif- 
ference between the upper and lower 
frequency at which the voltage or cur- 
rent response is .707 (—3 dB) of the 
response at the reference frequency. 
Usually both upper and lower limit fre- 
quencies are specified rather than the 
difference between them. When only 
one number appears, it is taken as the 
upper limit. 

Note 1: The reference frequency shall be 
(1) for the lower bandwidth limit, 20 times 
the limit frequency, and (2) for the upper 
bandwidth limit, 1/20 the limit frequency. 
The upper and lower reference frequen- 
cies are not required to be the same. 



Note 2: This definition assumes the am- 
plitude response to be essentially free 
of departures from a smooth roll-off char- 
acteristic. 

Note 3: If the lower bandwith limit ex- 
tends to DC, the response at DC shall 
be equal to the reference frequency, not 
—3 dB from it. 

beam finder — A provision for locating the 
spot when it is not visible. 

beam splitter (O ) — A device such as a 
prism or half-silvered mirror which splits 
a light beam into 2 or more beams not 
necessarily equal in intensity. 

bezel — The flange or cover used for hold- 
ing an external graticule or cathode-ray 
tube cover in front of the cathode-ray 
tube in an oscilloscope. May also be 
used for mounting a trace recording cam- 
era or other accessory item. 

bit (Dl ) — A binary digit. 

blanking — Extinguishing of the spot. Re- 
trace blanking is the extinction of the 
spot during the retrace portion of the 
sweep waveform. The term does not 
necessarily imply blanking during the 
holdoff interval or while waiting for a 
trigger in a triggered sweep system. 

brightness— The attribute of visual per- 
ception in accordance with which an 
area appears to emit more or less light. 

cable release (O ) — A cable provided for 
remote actuation of a camera shutter. 

calibrator — A signal generator whose 
output is used for purposes of calibra- 
tion; normally either amplitude or time. 

camera adapter (O ) — A bezel used to 
attach a camera to an oscilloscope. 

center frequency (radio frequency or in- 
termediate frequency) (SA ) — That fre- 
quency which corresponds to the cen- 
ter of the reference coordinate. 

center frequency range (radio frequency) 
(SA ) — That range of frequencies that 
can be displayed at the center of the 
reference coordinate. When referred to 
a control the term indicates the amount 
of frequency change available with the 
control. 

channel — A single path for transmitting 
electric signals, usually in distinction 
from other parallel paths. 

character (Dl ) — A group of bits that may 
be represented by a single symbol such 
as 0 to 9, A to Z, etc. 



chopped display — A time-sharing method 
of displaying output signals of two or 
more channels with a single cathode- 
ray tube gun, at a rate which is higher 
than, and not referenced to, the sweep 
rate. 

chopping rate — The rate at which chan- 
nel switching occurs in chopped dis- 
play operation. 

chopping transient blanking— The process 
of blanking the indicating spot during the 
switching periods in chopped display 
operation. 

clear (Dl) — 1. To store a ZERO in a 
flip flop regardless of other input con- 
ditions. 2. To reset. 

collimate (O ) — To render parallel. 

common-mode rejection ratio (CMRR) — 

The ratio of the deflection factor for 
a common-mode signal to the deflection 
factor for a differential signal applied to 
a balanced circuit input. 

common-mode signal — The instantane- 
ous algebraic average of two signals 
applied to a balanced circuit, both sig- 
nals referred to a common reference. 

common-mode signal maximum — The 

largest common-mode signal at which the 
specified common-mode rejection ratio 
is valid. 

compression — An increase in the deflec- 
tion factor, usually as the limits of the 
quality area are exceeded. 

contrast — The comparative brightness 
between specified elements of a presen- 
tation. 

contrast ratio (CRT ) — The ratio of stored 
luminance to background luminance at 
a given operating voltage. 

conventional mode (CRT ) — That mode of 
operating a storage tube where the dis- 
play does not store but performs with 
the usual phosphor luminance and de- 
cay. 

countdown (S ) — In a circuit receiving 
a recurrent triggering signal, the process 
of responding to only every n th recur- 
rence of the signal where “n” is an 
integer which may or may not be con- 
stant. 

counter (Dl ) — A device for storing a num- 
ber and allowing the number to be in- 
creased or decreased. 

DC balance — An adjustment to avoid a 
change in DC level when changing gain. 
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Glossary of Terms 



DC drift — See stability. 

DC offset — A DC level which may be 
added to the input signal, referred to the 
input terminals. 

DC shift — A step response with a time 
constant of several seconds. 

decoder (encoder) (Dl) — A device which 
converts from one number system to an- 
other. Two commonly used types are the 
binary-to-decimal and decimal-to-binary 
converters. 

definition (O) — The degree of clarity of 
reproduction of an object by an optical 
system. 

deflection blanking — Blanking by means 
of a deflection structure in the cathode- 
ray tube electron gun which traps the 
electron beam inside the gun to extinguish 
the spot, permitting blanking during re- 
trace and between sweeps regardless of 
intensity setting. 

deflection factor — The ratio of the input 
signal amplitude to the resultant dis- 
placement of the indicating spot (for ex- 
ample, volts/division). 

deflection polarity — The relation between 
the polarity of the applied signal and the 
direction of the resultant displacement of 
the indicating spot (conventionally a posi- 
tive going voltage causes upward deflec- 
tion or deflection from left to right). 

deflection sensitivity — The reciprocal of 
the deflection factor (for example, divi- 
sions/volt). 

delay line — A passive transmission sys- 
tem intended to introduce a time delay. 

delay pickoff — A means of providing an 
output signal when a ramp has reached 
an amplitude corresponding to a certain 
length of time (delay interval) since the 
start of the ramp. The output signal may 
be in the form of a pulse, a gate, or sim- 
ply amplification of that part of the ramp 
following the pickoff time. 

delay, signal — See signal delay. 

delayed sweep — A sweep that has been 
delayed either by a predetermined peri- 
od or by a period determined by an ad- 
ditional independent variable. 

delaying sweep — A sweep used to delay 
another sweep. See delayed sweep. 

dichroic (O) — Exhibiting the quality of 
selective reflection and transmission of 
light as a function of color. 

differential amplifier — An amplifier whose 
output signal is proportional to the alge- 
braic difference between two input sig- 
nals. 

differential signal — The instantaneous al- 
gebraic difference between two signals. 

dispersion (sweep width) (SA) — The fre- 
quency sweep excursion over the fre- 
quency axis of the display. Can be ex- 
pressed as frequency/full frequency axis 
or frequency (Hz)/div in a linear display. 



display — The visual presentation on the 
indicating device of an oscilloscope. 

display flatness (SA) — Uniformity of am- 
plitude response over the rated maximum 
dispersion (usually in units of dB). 

display magnifier (horizontal) (S) — A con- 
trol or circuit whose function is to de- 
crease the sweep-time per division of a 
display by increased gain in the hori- 
zontal amplification system. 

display window (S) — The particular time 
interval represented within the horizontal 
limits of the graticule. 

dot (S) — A displayed spot indicating the 
horizontal and vertical coordinates of 
a particular sample. 

dot density (S) — The number of dots per 
horizontal division. 

drift (frequency drift) (stability) (SA) — 

Long term frequency changes or instabili- 
ties caused by a frequency change in the 
spectrum analyzer local oscillators. Drift 
limits the time interval that a spectrum 
analyzer can be used without retuning 
or resetting the front panel controls (units 
may be Hz/s, Hz/°C, etc). 

dual-beam oscilloscope — A multi-beam 
oscilloscope in which the cathode-ray 
tube produces two separate electron 
beams that may be individually or jointly 
controlled. 

dual trace — A multi-trace operation in 
which a single beam in a cathode-ray 
tube is shared by two signal channels. 
See alternate display, chopped display 
and multi-trace. 

dynamic range (S) — In a system or instru- 
ment, the ratio of the specified maximum 
input-signal capability to the noise value. 

dynamic range (on screen) (SA) — The 

maximum ratio of signal amplitudes that 
can be simultaneously observed within the 
graticule (usually in units of dB). 

dynamic range, maximum useful (SA ) — 

The ratio between the maximum input 
power and the spectrum analyzer sen- 
sitivity (usually in units of dB). 

edge defocusing (CRT) — Change in size 
and/or shape of the indicating spot as it 
approaches the edge of the cathode-ray 
tube. 

edge lighting — A method of illuminating 
the lines on a graticule by introducing 
light into the edges of the graticule. 

enhance (CRT) — To momentarily alter the 
electrode potentials in a storage tube to 
increase performance (n: Enhancement). 

equivalent time (S) — The time scale re- 
presented in the display of a sampling 
oscilloscope operating in the equivalent- 
time sampling mode. 



equivalent-time sampling (S)—A sam- 
pling process in which at least one repet- 
itive signal event is required for each 
sample taken. 

erase (CRT) — To momentarily change 
electrode potentials in such a manner that 
previously stored information is removed. 

expansion — A decrease in the deflection 
factor, usually as the limits of the quality 
area are exceeded. 

external sweep — A sweep generated ex- 
ternal to the oscilloscope. 

external triggering — Introducing the trig- 
gering signal into the trigger circuit from 
an external source. 

fade up (CRT) — In a storage tube the fail- 
ure of a unwritten area to remain at back- 
ground brightness. The background spon- 
taneously moves to the stored brightness 
of the written state. 

false display (S) — A sampling display al- 
lowing faulty or ambiguous interpretation, 
usually caused by insufficient dot densi- 
ty or improper triggering. 

fiber optics (O) — A system for transmit- 
ting an image by means of a large number 
of transparent fibers. Each fiber carries 
only one element of the image so that 
the image is a mosaic rather than a con- 
tinous picture. 

flood gun (CRT) — A low-energy electron 
gun directing a large cone of electrons 
toward the entire storage target. 

fluorescence — Emission of light from a 
substance (a phosphor) during excitation 
by radiant energy. 

focus — Maximum convergence of the 
electron beam manifested by minimum 
spot size on the phosphor screen. 

frequency band (SA) — A range of fre- 
quencies that can be covered without 
switching. 

frequency range — That range of frequen- 
cies over which a device meets its speci- 
fication. 

Gaussian response — A particular frequen- 
cy response characteristic following the 
curve y(f) = e - af -. Typically, the fre- 
quency response approached by an am- 
plifier having good transient response 
characteristics. 

geometry — The degree to which a cath- 
ode-ray tube can accurately display a 
rectilinear pattern. Generally associated 
with properties of a cathode-ray tube; the 
name may be given to a cathode-ray tube 
electrode or its associated control. 

graticule — A scale for measurement of 
quantities displayed on the cathode-ray 
tube of an oscilloscope. 

incidental frequency modulation — Short- 
term frequency jitter or undesired fre- 
quency deviation. 
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incremental linearity (SA) — A term used 
to describe local aberrations seen as non- 
linearities for narrow dispersions. 

incremental sweep — A sweep which is not 
a continuous function, but which rep- 
resents the independent variable in dis- 
crete steps. 

information writing speed — The oscillo- 
scope-recorder characteristic that is a 
measure of the maximum number of spots 
of information per second that can be re- 
corded and identified on a single trace. 
Test conditions must be specified. 

input leakage current — A direct current 
(of either polarity) that would flow in a 
short circuit connecting the input termi- 
nals of an amplifier. 

input RC characteristics — The DC re- 
sistance and parallel capacitance to 
ground present at the input of an oscillo- 
scope. 

instruction (Dl) — A set of characters, with 
or without addresses, that defines an op- 
eration in a digital device or a computer. 

integrate (CRT) — To interrupt flooding of 
the storage target and permit the writing 
gun electrons to sum over several sweeps. 

intensity — A term used to designate 
brightness or luminance of the spot. 

intensity modulation — The process and 
(or) effect of varying the electron beam 
current in a cathode-ray tube resulting in 
varying brightness or luminance of the 
trace. 

internal graticule — A graticule whose rul- 
ings are a permanent part of the inner 
surface of the cathode-ray tube faceplate. 

internal triggering — The use of a portion 
of a deflection signal (usually the vertical 
deflection signal) as a triggering signal 
source. 

jitter — An aberration of a repetitive dis- 
play indicating instability of the signal or 
of the oscilloscope. May be random or 
periodic, and is usually associated with 
the time axis. 

kickout (S) — A signal emanating from an 
input connector. 

linear display (SA) — A display in which 
the vertical deflection is a linear function 
of the input signal voltage. 

linearity (dispersion linearity) (SA) — 

Measure of the comparison of frequency 
across the dispersion to a straight line 
frequency change. Measured by display- 
ing a quantity of equally spaced (in fre- 
quency) frequency markers across the 
dispersion and observing the positional 
deviation of the markers from an ideal- 
ized sweep as measured against a linear 
graticule. 

line triggering — Triggering from the pow- 
erline frequency. 



locate zone (CRT) — A non-storing zone to 
the side of the graticule that permits pre- 
setting of the vertical position of the trace. 

location (Dl) — A storage position holding 
one computer word designated by a speci- 
fic address. 

logic levels (Dl) — Voltage or current levels 
which are assigned logical meanings; i.e., 
they can activate or deactivate the logic 
devices within the system. 

loop gain (S) — In a sampling loop the 
product of sampling efficiency, forward 
gain, and feedback attenuation. Loop gain 
is normally unity except in a smoothed 
display where it is less than unity. 

luminance — The photometric equivalent 
of brightness. 

magnified sweep — A sweep whose time 
per division has been decreased by ampli- 
fication of the sweep waveform rather 
than by changing the time constants used 
to generate it. 

magnifier (S) — See display magnifier and 
time magnifier. 

maximum input power (SA) — The upper 
level of input power that the spectrum 
analyzer can accommodate without deg- 
radation in performance (spurious re- 
sponses and signal compression). (Usu- 
ally in units of dBm). 

memory (S) — A circuit which stores the 
vertical (or horizontal) coordinate value 
of sample. 

microphonics — Incidental frequency mod- 
ulation caused by mechanical vibration 
or shock. 

minimum usable dispersion (SA) — The 

narrowest dispersion obtainable for mean- 
ingful analysis. Defined as ten times the 
incidental frequency modulation when lim- 
ited by "incidental frequency modula- 
tion.” (in units of Hz). 

mixed sweep — In a system having both a 
delaying sweep and a delayed sweep, a 
means of displaying the delaying sweep 
to the point of delay pickoff and display- 
ing the delayed sweep beyond that point. 

multi-trace — A mode of operation in which 
a single beam in a cathode-ray tube is 
shared by two or more signal channels. 
See dual trace, alternate display and 
chopped display. 

negative logic (Dl) — A system of logic 
level identification where the less posi- 
tive level is identified as a logical one 
and the more positive level as a logical 
zero. 

noise — Any extraneous electrical disturb- 
ance tending to interfere with the normal 
display. 



optimum resolution (SA) — The best res- 
olution obtainable for a given dispersion 
and a given sweep time and theoretically 
(in un its of Hz): optimum reso lution = 
dispersion (in Hz) 
sweep time (in seconds) 

oscillography — The art and practice of 
utilizing the oscillograph (oscilloscope or 
mechanical recorder). 

oscilloscope — An oscillograph primarily 
intended for the immediate viewing of the 
graphic plot; most commonly used to de- 
note a cathode-ray oscilloscope. 

overshoot— In the display of a step func- 
tion (usually of time), that portion of the 
waveform which, immediately following 
the step, exceeds its nominal or final am- 
plitude. 

parallax (O) — The apparent displacement 
of an observed object due to the angle of 
observation. 

parallel (Dl) — Pertaining to simultaneous 
transmission of, storage of, or logical 
operations on elements of data using 
separate facilities for the various ele- 
ments. 

parity bit (Dl) — A redundant bit added to 
a group of bits so that an inaccurate re- 
trieval of that group of bits can be de- 
tected. 

phase lock (SA) — The synchronization of 
the local oscillator with a stable reference 
frequency. 

phosphor decay — A phosphorescence 

curve describing energy emitted versus 
time. 

phosphorescence — Emission of light from 
a substance after excitation has been re- 
moved. 

postfogging (O) — A technique of increas- 
ing the apparent sensitivity of film by a 
uniformly controlled exposure to light 
after the image producing exposure. 

prefogging (O) — A technique of increas- 
ing the apparent sensitivity of film by a 
uniformly controlled exposure to light be- 
fore the image producing exposure. 

preshoot — In the display of a step func- 
tion (usually of time), that portion of the 
waveform which immediately precedes 
the step. Polarity of the excursion is 
usually but not necessarily opposite to 
that of the step which follows. 

pretrigger (S) — A trigger signal which 
occurs before a related signal event. 

program (Dl) — 1. A set of conditions for 
solving a problem. This set may contain 
subsets called routines. 2. To arrange or 
devise conditions for solving a problem. 

ramp — A voltage or current that varies at 
a constant rate; for example, that portion 
of the output waveform of a time-linear 
sweep generator used as a time base for 
an oscilloscope display. 
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random sampling (S ) — A sampling proc- 
ess involving significant time-interval un- 
certainty between the signal and the sam- 
ple-taking operation. Also the process of 
coherent display construction from such 
randomly-taken samples. May be em- 
ployed by either real-time or equivalent- 
time sampling oscilloscopes. 

raster — A predetermined pattern of scan- 
ning lines which provides substantially 
uniform coverage of an area. 

read (Dl ) — To accept information from in- 
put devices or storage. 

ready-to-write state (CRT )— The stable 
mode of any area of the storage target 
after erasure and before writing. 

real time (S ) — The time scale associated 
with signal events. 

real-time sampling (S) — A sampling proc- 
ess in which more than one sample is 
taken for each signal event. The time re- 
quired for display construction is the 
same as the time represented in the dis- 
play. 

reflection coefficient (p, rho) (S ) — In time- 
domain reflectometry the ratio of peak 
amplitude of a particular reflection to the 
incident-step amplitude. In practice the 
observed reflection coefficient may de- 
pend upon system risetime, losses in the 
associated transmission medium and the 
nature of reflection-producing discontinu- 
ity. 

register (Dl ) — One or more binary stor- 
age elements arranged to store data. 

resolution — A measure of the total num- 
ber of trace lines discernible along the 
coordinate axes, bounded by the extremi- 
ties of the graticule or other specific 
limits. 

resolution (SA )— The ability of the spec- 
trum analyzer to display adjacent signal 
frequencies discretely. The measure of 
resolution is the frequency separation of 
two equal amplitude signals, the displays 
of which merge at the 3 dB down points 
(in units of Hz). 

The resolution of a given display depends 
on three factors; sweep time, dispersion 
and the bandwidth of the most selective 
amplifier. The 6 dB bandwidth of the 
most selective amplifier (when Gaussian) 
is called resolution bandwidth and is the 
narrowest bandwidth that can be dis- 
played as dispersion and sweep time are 
varied. At very long sweep times, resolu- 
tion and resolution bandwidth are syn- 
onymous. 

resolving power (O ) — The degree to 
which a system or a device distinguishes 
fineness of detail. 

retrace — Return of the spot on the cath- 
ode-ray tube to its starting point after 
a sweep; also that portion of the sweep 
waveform which returns the spot to its 
starting point. 



ringing — A damped oscillatory transient 
occuring in the output of the system as a 
result of a sudden change in input. 

risetime — In the display of a step func- 
tion, the interval between the time at 
which the amplitude first reaches speci- 
fied lower and upper limits. These limits 
shall be 10% and 90% of the nominal or 
final amplitude of the step, unless other- 
wise stated. 

roll-off — A gradually increasing loss or 
attenuation with increase or decrease of 
frequency beyond the substantially flat 
portion of the amplitude-frequency re- 
sponse characteristic of a system or trans- 
ducer. 

routine (Dl) — A set of instructions, con- 
tained within a program, that perform a 
well-defined operation. 

sampling (S) — A process of sensing and 
storing one or more instantaneous values 
of a signal for further processing or dis- 
play. 

sampling oscilloscope (S) — An oscillo- 
scope which employs sampling together 
with means for constructing a coherent 
display of the samples taken. 

sawtooth sweep — A sweep generated by 
the ramp portion of a sawtooth waveform. 

sawtooth waveform — A waveform contain- 
ing a ramp and a return to initial value, 
the two portions usually of unequal dura- 
tion. 

scan — The process of deflecting the elec- 
tron beam. 

sector (Dl) — A serially-accessible seg- 
ment of a track. 

sensitivity (SA) — Rating factor of spec- 
trum analyzers ability to display signals. 

1. Signal equals noise. That input signal 
level (usually in dBm) which results in a 
display where the signal level above the 
residual noise is equal to the residual 
noise level above the baseline; expressed 
as: signal + noise = twice noise. 

2. Minimum discernible signal. That in- 
put level (usually in dBm) which results 
in a display where the signal is just dis- 
tinguishable from the noise. 

serial (Dl) — Pertaining to sequential trans- 
mission of, storage of, or logical opera- 
tions on elements of data using the same 
facilities for the various elements. 

shift register (Dl) — A register with pro- 
vision for displacing or shifting its con- 
tents one step at a time to the right or 
left, by means of the shift input. 

signal delay — In an oscilloscope, the time 
required for a signal to be transmitted 
through a channel or portion of a channel. 
The time is always finite, may be unde- 
sired, or may be purposely introduced as 
in a delay line. 



single-sweep mode — Operating mode for 
a triggered-sweep oscilloscope in which 
the sweep must be reset for each opera- 
tion, thus preventing unwanted multiple 
displays. Particularly useful for trace 
photography. In the interval after the 
sweep is reset and before it is triggered 
it is said to be an armed sweep. 

skirt selectivity (SA ) — A measure of the 
resolution capability of the spectrum an- 
alyzer when displaying signals of un- 
equal amplitude. A unit of measure would 
be the bandwidth at some level below the 
6 dB down points. 

slideback (S ) — A measurement process 
by which the value of a known is varied 
and compared with an unknown until they 
are equal (null). 

smoothing (S) — A process affecting dot 
transient response intended to reduce the 
effect of random noise or jitter in the 
display. 

spectrum analyzer (SA ) — A device which 
displays a graph of relative power distri- 
bution as a function of frequency, typi- 
cally on a cathode-ray tube or chart 
recorder. 

A. Real Time Spectrum Analyzer — A 
spectrum analyzer that performs a con- 
tinuous analysis of the incoming signal 
with the time sequence of events pre- 
served between input and output. 

B. Non-Real Time — A spectrum analyzer 
that performs an analysis of a repetitive 
event by a sampling process. 

1. Swept front end spectrum analyzer — 
a superheterodyne spectrum analyzer in 
which the first local oscillator is swept. 

2. Swept intermediate frequency spec- 
trum analyzer — a superheterodyne spec- 
trum analyzer in which a local oscillator 
other than the first is swept. 

spurious responses (spurii, spur) (SA) — A 

characteristic of a spectrum analyzer 
wherein displays appear which do not 
conform to the calibration of the radio 
frequency dial. Spurious responses are 
of the following type: 

A. Intermediate frequency feedthrough. 
Wherein signals within the intermediate 
frequency passband of the spectrum an- 
alyzer reach the intermediate frequency 
amplifier and produce displays on the 
cathode-ray tube that are not tunable with 
the RF center frequency controls. These 
signals do not enter into a conversion 
process in the first mixer and are not af- 
fected by the first local oscillator fre- 
quency. 

B. Image response. The superheterodyne 
process results in two major responses 
separated from each other by twice the 
intermediate frequency. The spectrum an- 
alyzer is usually calibrated for only one 
of these responses. The other is called 
the image. 
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C. Harmonic conversion. The spectrum 
analyzer will respond to signals that mix 
with harmonics of the local oscillator and 
produce the intermediate frequency. Most 
spectrum analyzer’s have dials calibrated 
for some of these higher order conver- 
sions. The uncalibrated conversions are 
spurious responses. 

D. Intermodulation. In the case of more 
than one input signal, the myriad of com- 
binations of the sums and differences of 
these signals between themselves and 
their multiples creates extraneous re- 
sponses known as intermodulation. The 
most harmful intermodulation is third 
order, caused by the second harmonic of 
one signal combining with the fundament- 
al of another. 

E. Video detection. The first mixer will 
act as a video detector if sufficient input 
signal is applied. A narrow pulse may 
have sufficient energy at the intermediate 
frequency to show up as intermediate fre- 
quency feedthrough. 

F. Internal. A display shown on the cath- 
ode-ray tube caused by a source or 
sources within the spectrum analyzer itself 
and with no external input signal. 

G. Anomalous IF responses. The filter 
characteristic of the resolution-determin- 
ing amplifier may exhibit extraneous 
passbands. This results in extraneous 
spectrum analyzer responses when a sig- 
nal is being analyzed. 

stability— Property of retaining defined 
electrical characteristics for a prescribed 
time and environment. Deviations from a 
stable state may be called drift if it is 
slow, or jitter or noise if it is fast. In trig- 
gered sweep systems, triggering stability 
may refer to the ability of the trigger and 
sweep systems to maintain jitter-free dis- 
plays of high-frequency waveforms for 
long (seconds to hours) periods of time. 
Also, the name of the control used on 
some oscilloscopes to adjust the sweep 
for triggered, free-running, or synchro- 
nized operation. 

stairstep sweep — An incremental sweep 
in which each step is equal. The elec- 
trical deflection waveform producing a 
stairstep sweep is usually called a stair- 
case or stairstep waveform. 

store (CRT ) — To retain the written infor- 
mation on the storage target after the 
writing beam has passed. 

stored resolution (CRT ) — A measure of 
the tubes capability to display discrete 
elements of stored information usually de- 
fined by the number of line pairs resolv- 
able per centimeter on the tube face. 

stored writing rate (CRT ) — The reciprocal 
of stored writing speed (seconds per 
centimeter or other units). 



stored writing speed (CRT ) — The speed 
(centimeters per second or other units) 
at which the writing beam will register 
stored information when scanning the 
storage target, under stated conditions of 
operation. 

sweep — An independent variable of a dis- 
play; unless otherwise specified, it is time 
linear, but may also vary in some other 
controlled and definable manner. 

sweep accuracy — Accuracy of the hori- 
zontal (vertical) displacement of the trace 
compared with the reference independent 
variable, usually expressed in terms of 
average rate error as a percent of full 
scale. 

sweep generator — A circuit that generates 
a signal used as an independent variable; 
the signal is usually a ramp, changing 
amplitude at a constant rate. 

sweep linearity — Maximum displacement 
error of the independent variable between 
specified points on the display area. 

sweep switching (automatic)— Alternate 
display of two or more time bases or 
other sweeps using a single-beam cath- 
ode-ray tube; comparable to dual- or 
multiple-trace operation of the deflection 
amplifier. 

sweep time/division — The nominal time 
required for the spot in the reference 
coordinate to move from one graticule 
division to the next. Also the name of the 
control used to select this time. 

synchronized sweep — A sweep that would 
free run in the absence of an applied sig- 
nal but in the presence of the signal, is 
synchronized by it. 

tangential noise measurement (S) — A 

procedure to determine displayed noise 
wherein a flat-top pulse or square-wave 
input signal is adjusted in amplitude until 
the two traces (or portions of two traces) 
thus produced appear to be immediately 
adjacent or contiguous. Measurement of 
the resulting signal amplitude determines 
a noise value which correlates closely 
with the value interpreted by the eye from 
a sampling display and is called the 
“tangential noise value”. 

test (Dl ) — In a programmable measure- 
ment system, a word that contains the in- 
formation necessary to command the sys- 
tem to make a specific measurement. 

time base — The sweep generator in an 
oscilloscope. 

time domain reflectometry (S ) — The tech- 
nique of launching a pulse or step signal 
into a transmission medium with subse- 
quent analysis of any reflections thus 
produced. 



time magnifier (S) — A control which acts 
to alter the equivalent-time scale without 
an accompanying change in dot density. 
May magnify about a fixed point in the 
display. 

trace — The cathode-ray tube display pro- 
duced by a moving spot. 

trace width — The distance between two 
points on opposite sides of a trace (per- 
pendicular to the direction of motion of 
the spot) at which luminance is 50% of 
maximum. 

trigger — A pulse used to initiate some 
function (for example, a triggered sweep 
or delay ramp). 

trigger countdown — A process that re- 
duces the repetition rate of a triggering 
signal. 

trigger pickoff — A process or a circuit 
for extracting a triggering signal. 

triggered sweep — A sweep that can be 
initiated only by a trigger (not free-run- 
ning). 

triggering level — The instantaneous level 
of a triggering signal at which a trigger is 
to be generated. Also, the name of the 
control which selects the level. 

triggering slope — The positive going (+ 
slope) or negative going (— slope) por- 
tion of a triggering signal from which a 
trigger is to be derived. Also, the control 
that selects the slope to be employed. 

Note: -f slope and — slope apply to the 
slope of the waveform only, and not to the 
absolute polarity. 

unblanking — Turning on of the cathode- 
ray-tube beam. 

undershoot — In the display of a step func- 
tion (usually of time), that portion of the 
waveform which, following any overshoot 
or rounding that may be present, falls be- 
low its nominal or final value. 

viewing area — The area of the phosphor 
screen of a cathode-ray tube which can 
be excited to emit light by the electron 
beam. 

word (Dl) — A number of bits or characters 
handled as a unit by a digital device. 

write (Dl) — To place information in an 
output device or storage. 

write (CRT) — To bombard the phosphor 
screen with electrons and produce lumi- 
nescence. 

write through mode (CRT) — That mode of 
operating a storage tube where the stored 
information is retained, and the writing 
beam is operated to produce a non-stor- 
ing display, as in the conventional mode. 

writing gun (CRT) — A high-energy elec- 
tron gun giving a narrow focused beam 
which can be deflected and is used to 
write the information to be stored. 
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• SMALL SIZE — LIGHT WEIGHT 

• 4 -MHz BANDWIDTH 

• 10-mV/DIV DEFLECTION FACTOR 

• AMPLITUDE CALIBRATOR 



The Type 31 OA Oscilloscope is an instrument you can take 
with you — easily, comfortably. Small size and low weight com- 
bined with operation on 50- to 800-hertz line frequency make 
this an ideal instrument for maintenance and calibration of 
specialized measuring and recording instruments at their point 
of use. Accurate calibration and excellent linearity assure 
precise time and amplitude measurements either in the labora- 
tory or in the field. Panel design and controls contribute to 
operator convenience. 

N 



CHARACTERISTIC SUMMARY 

VERTICAL 

BANDWIDTH— 0.1 V/div to 50 V/div, DC to 4 MHz. lOmV/div 
to 50mV/div, 2 Hz to 3.5 MHz. 

RISETIME — 90ns to 0.1 V/div, 100ns to lOmV/div. 

CALIBRATED DEFLECTION FACTOR 

DC-coupled, 0.1 V/div to 50 V/div. 

AC-coupled only, lOmV/div to 50mV/div. 

INPUT RC — 1 megohm paralleled by approx 40 pF. 

HORIZONTAL 

CALIBRATED TIME BASE — 0.5 /xs/div to 0.2s/div. 

X5 MAGNIFIER — Extends time base to 0.1 jus/div. 

EXTERNAL INPUT— 1.5 V/div, DC to 500 kHz. 

CRT 

DISPLAY AREA — 8x10 div. Each div equal to % inch. 
ACCELERATING VOLTAGE— 1 .85 kV. 

PHOSPHOR— P31. 

OTHER 

AMPLITUDE CALIBRATOR— 50 mV to 100 V, approx 1-kHz 
squarewave. 

POWER REQUIREMENTS— 105 to 125 V or 210 to 250 V, 175 
watts. 
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VERTICAL DEFLECTION 

BANDWIDTH 

DC to 4 MHz at 3-dB down to 0.1 V/div, 2 Hz to 3.5 MHz at 
3 dB down to lOmV/div. Low-frequency 3dB down point, 
AC coupled: 2 Hz, 0.2 Hz with included 10X probe. 

RISETIME 

S590 ns to 0.1 V/div; =5100 ns to lOmV/div. 

DEFLECTION FACTOR 

lOmV/div to 50 V/div in 12 calibrated steps (1-2-5 sequence), 
accurate within 3%. AC coupled at lOmV/div to 50 mV/ 
div. Uncalibrated, continuously variable between steps and 
to approx 125 V/div. Warning light indicates uncalibrated 
setting. 

INPUT RC 

1 megohm paralleled by approx 40 pF. 

HORIZONTAL DEFLECTION 

TIME BASE 

0.5/xs/div to 0.2 s/div in 18 calibrated steps (1-2-5 sequence), 
accurate within 3%. Uncalibrated, continuously variable 
between steps and to approx 0.6 s/div. Warning light indi- 
cates uncalibrated setting. 

X5 MAGNIFIER 

Operates over full time base, increases fastest rate to 0.1 ^s/ 
div. Magnified time base accurate within 4% (5% at 0.1 yxs/ 
div). 

EXTERNAL INPUT 

1.5 V/div, adjustable. DC to 500 kHz at — 3dB. Input R 
approx 100 kn. 

TRIGGERING 

MODES 

Manual or automatic. Automatic operation is useful between 
approx 60 Hz and 2 MHz, minimizes trigger adjustment for 
signals of different amplitudes, shapes and repetition rates. 
With no input, automatic triggering occurs at an approx 50- 
Hz rate, providing a convenient reference trace. 

COUPLING 
AC or DC. 

SOURCES 

Internal, external, or line. 

REQUIREMENTS 

0.25-div deflection or 0.2 V external from DC to 1 kHz, in- 
creasing to 2-div deflection or 2 V external at 5 MHz. AC 
coupling response — 3 dB at 16 Hz. Automatic operation 
requires 0.25 div deflection or 0.2 V external from 60 Hz to 

1 kHz, increasing to 2-div deflection or 2.0 V external at 

2 MHz. 

CRT 

TEKTRONIX CRT 

8 x 10-div display area; each div is y» inch. 3-inch tube 
operates at 1.85-kV accelerating voltage. P31 phosphor 
normally supplied; PI, P2, P 7, or Pll are optional without 
extra charge. Consult your Field Engineer, Representative, or 
Distributor for application information and availability. Z-axis 
input is AC coupled to CRT cathode, requires 20 V peak to 
peak for beam modulation at normal intensity. 

GRATICULE 

External; variable edge lighting. Vertical and horizontal 
centerlines marked in 5 minor divisions per major y 4 -inch 
division. 

OTHER CHARACTERISTICS 

AMPLITUDE CALIBRATOR 

50 mV to 100-V squarewave, 11 calibrated steps (1-2-5 
sequence), accurate within 3%. Approx 1-kHz repetition 
rate. 



POWER REQUIREMENTS 

Wired for 105 to 125 VAC (117-V nominal). Transformer taps 
permit operation at nominal voltages of 110, 117, 124, 220, 
234 and 248 VAC, 50 to 800 Hz (requires approx 4% higher 
line voltage at 800 Hz). Power consumption approx 175 W. 
Can be factory wired for any of the above nominal voltages, 
if so indicated on order. 



DIMENSIONS AND WEIGHTS 



Height 


10 7 / 8 in 


27.6 cm 


Width 


6’ 5 /u in 


17.6 cm 


Depth 


17"/ m in 


44.9 cm 


Net weight 


23 y 2 lb 


10.7 kg 


Domestic shipping weight 


=530 lb 


=513.6 kg 


Export-packed weight 


~38 lb 


=517.3 kg 


INCLUDED STANDARD ACCESSORIES 
P6012 probe (010-0203-00); 18-inch BNC-to-BNC 


patch cord 



(01 2-0087-00); 18-inch BNC-to-banana plug patch cord (012- 
0091-00); BNC post jack (012-0092-00); 3-conductor power 
cord (161-0024-01); 3 to 2-wire adapter (103-0013-00); smoke- 
gray filter (378-0550-00); two instruction manuals (070-0244-00). 

TYPE 31 OA OSCILLOSCOPE $735 

OPTIONAL ACCESSORIES 

Optional accessories increase measurement capability and 
provide added convenience. The standard probe supplied with 
the instrument satisfies most measurement requirements; optional 
probes may be better suited for particular applications. See 
catalog accessory pages for additional information on these and 
other items. 

CARRYING CASE 

Protects Type 31 0A, provides convenient accessory storage 
compartment, order 016-0028-01 $19.50 

C-30A COMPACT CAMERA 

f/1.9 lens, magnification variable from 1.5:1 to 0.7:1, Polaroid 
Land* Pack-Film back for 3000-speed film, order C-30A-P . . 
$450 

Type 31 0A to C-30A Camera adapter, order 016-0241-00 $15 
C-30A CAMERA CARRYING CASE 
Constructed of heavy-gage, high-impact plastic, has foam- 
backed, vacuum-formed styrene liner. Holds C-30A Camera, 



all standard accessories and extra film. 

Order 016-0126-00 $35 

PROBES 

P6007 100X Probe Package, order 010-0150-00 $26 



P6011 IX Miniature Probe Package, order 010-0193-00 .. $19 

FAN BASE 




Provides filtered forced-air ventilation recommended for con- 
tinuous operation at 25°C or higher. Tilts Type 31 0A for 



convenient viewing. 

Order 016-0012-00 for 105 to 125 V, 50 to 60 Hz $60 

Order 016-0013-00 for 210 to 250 V, 50 to 60 Hz $60 



^Registered Trademark Polaroid Corporation 

U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 
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TYPE 



317 

RM17 




DC-to-10 MHz 
9-kV OSCILLOSCOPES 






• BRIGHT TRACE 

• 10-MHz BANDWIDTH AT lOmV/DIV 

• INTERNAL DELAY LINE 

• COMPACT CABINET OR RACK MODELS 

• AMPLITUDE CALIBRATOR 

The Type 317 is an excellent oscilloscope for the daylight 
conditions often encountered in the field and at production test 
stations. Its brilliant trace, provided by 9-kV accelerating poten- 
tial on a Tektronix 3-inch cathode-ray tube, is easily readable 
in bright areas . . . even at low sweep-repetition rates. Its 
DC-to-10 MHz vertical response and wide sweep range pro- 
vide the measurement capability necessary for many of today's 
complex field and test station applications. Of course, these 
fine characteristics make it an excellent laboratory oscilloscope, 
too. 



CHARAC TE RISTIC S UMMARY 
VERTICAL 

BANDWIDTH— DC-coupled, DC to 10 MHz. AC-coupled, 2 Hz 
to 10 MHz. 

RISETIME— 35 ns. 

CALIBRATED DEFLECTION FACTOR— 

DC-coupled, 0.1 V/div to 50V/div. 

AC-coupled, 10 mV/div to 50 V/div. 

INPUT RC — 1 megohm paralleled by approx 40 pF. 

HORIZONTAL 

CALIBRATED TIME BASE — 0.2 jus/div to 2s/div. 

X5 MAGNIFIER — Extends calibrated time base to 40 ns/div. 
EXTERNAL INPUT— 1 .4 V/div, DC to 500 kHz. 

CRT 

DISPLAY AREA — 8xl0div. Each div equal to ’/, inch. 
ACCELERATING VOLTAGE— 9 kV. 

PHOSPHOR— P31. 

OTHER 

AMPLITUDE CALIBRATOR — 50 mV to 100 V, approx 1-kHz 
squa rewave. 

POWER REQUIREMENTS— 105 to 125 V or 210 to 250 V, 300 
watts maximum. 
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TYPE 



317 

RM17 



VERTICAL DEFLECTION 



BANDWIDTH 

DC to 10 MHz at 3-dB down to 0.1 V/div, 2 Hz to 10 MHz 
at 3-dB down to lOmV/div. Low-frequency 3-dB point, AC 
coupled: 2 Hz, 0.2 Hz with included 10X probe. 

RISETIME 

~35 ns. 

DEFLECTION FACTOR 

10 mV/div to 50 V/div in 12 calibrated steps (1-2-5 sequence), 
accurate within 3%. AC coupled at 10 mV/div to 50 mV/div. 
Uncalibrated, continuously variable between steps and to 
approx 125 V/div. Warning light indicates uncalibrated 
setting. 

INPUT RC 

1 megohm paralleled by approx 40 pF. 

DELAY LINE 

Permits viewing leading edge of displayed waveform. 

HORIZONTAL DEFLECTION 

TIME BASE 

0.2/is/div to 2 s/div in 22 calibrated steps (1-2-5 sequence), 
accurate within 3%. Uncalibrated, continuously variable 
between steps and to at least 5 s/div. Warning light indi- 
cates uncalibrated setting. 

X5 MAGNIFIER 

Operates over full time base, increases fastest rate to 40 
ns/div. Magnified time base accurate within 5%. 

EXTERNAL INPUT 

1.4 V/div, adjustable. DC to 500 kHz at — 3 dB. Input R 
approx 100 kf). 

FRONT-PANEL OUTPUTS 

~20-V positive gate, qz:150-V positive-going sawtooth. 

TRIGGERING 



MODES 

Manual or automatic triggering, high-frequency sync. Auto- 
matic operation is useful between approx 60 Hz and 2 MHz, 
minimizes trigger adjustment for signals of different ampli- 
tudes, shapes, and repetition rates. With no input, auto- 
matic triggering occurs at an approx 50-Hz rate, providing 
a convenient reference trace. High-frequency sync assures 
a steady display of sinewaves to 15 MHz. 

COUPLING 
AC to DC. 

SOURCES 

Internal, external, or line. 

REQUIREMENTS 

0.2-div deflection or 0.5 V external from DC to 1 kHz, increas- 
ing to 2-div deflection or 4 V external at 5 MHz. AC cou- 
pling response — 3dB at approx 16 Hz. Automatic opera- 
tion requires 0.5-div deflection or 1 V external from 60 Hz to 
1 kHz, increasing to 2-div deflection or 4 V external at 2 MHz. 
High-frequency sync requires 0.2-div deflection or 0.5 V ex- 
ternal at 5 MHz, increasing to 2-div deflection or 4 V external 
at 15 MHz. 




CRT 



TEKTRONIX CRT 

8xl0-div display area; each div is '4 inch. 3-mch tube 
provides brilliant trace with 9-kV accelerating potential. 
P31 phosphor is normally supplied; PI, P2, P7, or PI 1 are 
optional without extra charge. Consult your Field Engineer, 
Representative, or Distributor for application information and 
availability. Z-axis input is AC coupled to CRT cathode, re- 
quires 10 V peak to peak for beam modulation at normal 
intensity. 




GRATICULE 

External; variable edge lighting. Vertical and horizontal 
centerlines marked in 5 minor divisions per major '/4-inch 
division. 



OTHER CHARACTERISTICS 

AMPLITUDE CALIBRATOR 

50 mV to 100-V squarewave, 11 calibrated steps (1-2-5 se- 
quence), accurate within 3%. Approx 1-kHz repetition rate. 

POWER REQUIREMENTS 

Wired for 105 to 125 VAC (117-V nominal). Transformer 
taps permit operation at nominal voltages of 110, 117, 124, 
220, 234 and 248 VAC, 50 to 60 Hz. Power consumption 
300 W maximum. Can be factory wired for any of the above 
nominal voltages, if so indicated on order. 

CABINET MODEL DIMENSIONS AND WEIGHTS 



Height 


12% in 


31.4 cm 


Width 


8% in 


21.6 cm 


Depth 


18"/u in 


47.5 cm 


Net weight 


33 lb 


15.0 kg 


Domestic shipping weight 


=;46 lb 


SS21.0 kg 


Export-packed weight 


~57 lb 


~25.9 kg 


RACK MODEL DIMENSIONS 


AND WEIGHTS 




Height 


7 in 


17.8 cm 


Width 


19 in 


48.3 cm 


Rack depth 


18% in 


46.0 cm 


Net weight 


36% lb 


16.6 kg 


Domestic shipping weight 


~65 lb 


~29.5 kg 


Export-packed weight 


~89 lb 


q^40.5 kg 
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RACKMOUNTING 

Type RM17 withdraws from rack on slide-out tracks, tilts 
and locks in 7 positions. Further mounting information on 
catalog instrument dimension page. 



TYPE 



317 

RM17 



INCLUDED STANDARD ACCESSORIES 

P6012 probe (010-0203-00); 18-inch BNC-to-BNC patch cord 
(012-0087-00); 18-inch BNC-to-banana-plug patch cord (012- 
0091-00); BNC post jack (012-0092-00); 3-conductor power cord 
(161-0010-03); 3 to 2-wire adapter (103-0013-00); smoke-gray 
filter (378-0550-00); two instruction manuals (070-0297-00). 
Type RM17 includes same accessories except two manuals 
(070-0325-00); also includes mounting tracks (351 -0083-00) and 



hardware. 

TYPE 317 OSCILLOSCOPE $ 950 

TYPE RM1 7 OSCILLOSCOPE $1025 



C-30A COMPACT CAMERA 

f/1.9 lens, magnification variable from 1.5:1 to 0.7:1, Polaroid 
Land* Pack-Film back for 3000-speed film, order C-30A-P . . . 

$450 

Type 317 to C-30A Camera adapter, order 016-0241-00 $ 15 



OPTIONAL ACCESSORIES 

Optional accessories increase measurement capability and 
provide added convenience. The standard 10X probe supplied 
with the instrument satisfies most measurement requirements; 
optional probes may be better suited for particular applica- 
tions. See catalog accessory pages for additional information 
on these and other items. 

PROBES 

P6007 100X Probe Package, order 01 0-01 50-00 $26.00 

P6011 IX Miniature-Probe Package, order 010-0193-00 $19.00 

SUPPORTING CRADLE 

Required to mount Type RM17 in backless rack, order 
040-0345-00 $7.50 



C-30A CAMERA CARRYING CASE 

Constructed of heavy-gage, high-impact plastic, has foam- 
backed, vacuum-formed styrene liner. Holds C-30A Camera, 
all standard accessories and extra film. 

Order 016-0126-00 $ 35 

^Registered Trademark Polaroid Corporation 

U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 
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TYPE 321A 




• 6 -MHz BANDWIDTH AT 1 0 mV/DIV 

• SMALL SIZE — LIGHT WEIGHT 

• ALL SOLID-STATE DESIGN 

• LOW POWER CONSUMPTION 

• AC, DC, OR BATTERY OPERATED 

• UP TO 8 -HOURS OPERATION FROM INTERNAL 
BATTERIES 

• DESIGNED FOR SEVERE ENVIRONMENTS 



The Type 321 A is a high-performance DC-to-6MHz Oscillo- 
scope. Its rugged mechanical and electrical design plus a 
choice of power options make it ideal for field operations 
requiring accurate waveform measurements. FET inputs provide 
low drift and fast stabilization time. With internal batteries, 
it weighs 1 ZV 2 pounds; without batteries, it weighs 14 pounds. 



CHARACTERISTIC SUMMARY 
VERTICAL 

BANDWIDTH— DC to 6 MHz. 

RISETIME— 58 ns 

CALIBRATED DEFLECTION FACTOR— 10 mV/div to 20 V/div, 
DC coupled. 

INPUT RC — 1 megohm paralleled by approx 35 pF. 

HORIZONTAL 

CALIBRATED TIME BASE— 0.5 jus/div to 0.5 s/div. 

X5 MAGNIFIER — Extends time base to 0.1 /xs/div. 

EXTERNAL INPUT— 1 V/div, DC to 1 MHz. 

CRT 

DISPLAY AREA — 6xl0div. Each div equal to y 4 inch. 

ACCELERATING VOLTAGE— 4 kV. 

PHOSPHOR— P31 

OTHER 

AMPLITUDE CALIBRATOR — 500-mV squarewave peak to peak 
and internal 40-mV squarewave peak to peak at approx 
2 kHz. 

POWER OPTIONS — 10 size D batteries; external DC supply of 
11.5 to 35 V, <700 mA ; 115 VAC ±10% or 230 VAC ±10%, 
45 to 800 Hz, 20 W. 
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TYPB 3 21 A 



VERTICAL DEFLECTION 

BANDWIDTH 

DC to 6 MHz at 3-dB down. Low-frequency 3-dB-down point 
with AC coupling is <2 Hz, extended to <0.2 Hz when us- 
ing the included 10X probe. 

RISETIME 

<58 ns. 

DEFLECTION FACTOR 

lOmV/div to 20V/div in 11 calibrated steps (1-2-5 sequence), 
accurate within 3%. Uncalibrated, continuously variable 
between steps and to approx 50V/div. 

INPUT RC 

1 megohm within 2%, paralleled by 41 pF within 6 pF. 

MAXIMUM INPUT VOLTAGE 

500 V (DC + peak AC), <500 V P-P AC. 

HORIZONTAL DEFLECTION 

TIME BASE 

0.5/xs/div to 0.5 s/div in 19 calibrated steps (1-2-5 sequence), 
accurate within 3% over center 8 divisions. Uncalibrated, 
continuously variable between steps and to approx 1.5 s/div. 

X5 MAGNIFIER 

Extends all time base steps, the fastest to 0.1 fx. s/div. 
Magnified display accurate within 5% over center 8 divisions. 

EXTERNAL INPUT 

1 V/div ±10% with X5 magnifier. DC to >1 MHz at — 3dB. 
Input RC 100 kO within 5% paralleled by 25 pF within 5 pF. 

TRIGGER 

MODES 

Automatic or manual level selection, or free run. Automatic 
operation is useful above 50 Hz, minimizes trigger adjustment 
for signals of different amplitudes, shapes, and repetition 
rates. With no input, automatic triggering occurs at an 
approx 50-Hz rate, providing a convenient reference trace. 

COUPLING 
AC or DC 

SOURCES 

Internal or external. External trigger input RC lOOkO within 
20% paralleled by 9 pF within 4 pF. 

REQUIREMENTS 

0.2-div deflection or 1 V external from DC to 1 kHz, increasing 
to 1-div deflection or 3 V external at 6 MHz. Requirements 
increase below 1 kHz for internal AC coupled triggering, 
and below approx 30 Hz with external AC-coupled triggering. 

CRT 

TEKTRONIX CRT 

6 x 10-div display area; each div is % inch. 3-inch tube pro- 
vides bright trace, utilizes low heater power. 4-kV acceler- 
ating potential. P31 phosphor normally supplied; P2, P7, or 
Pll are optional without extra charge. Consult your Field 
Engineer, Representative, or Distributor for application in- 
formation and availability. Z-axis input is AC coupled, 5 V 
P-P at 1 kHz gives visible trace modulation at normal inten- 
sity. 



GRATICULE 

External; variable edge lighting when instrument is operated 
from AC line. Vertical and horizontal centerlines marked in 
5 minor divisions per major '/,-inch division. 

ENVIRONMENTAL CAPABILITIES 

AMBIENT TEMPERATURE 

Operating (without batteries) — 15°C to +55°C. 

(with batteries installed) Charge Range, 0°C to 
+40°C; Discharge Range, — 15°C to 40°C. 
Non-operating (without batteries) — 55°C to +75°C. 

(with batteries installed) — 40°C to +60°C. 

ALTITUDE 

Operating: 15,000 ft max. 

Non-operating: 50,000 ft max. 

VIBRATION 

Operating: 15 minutes along each of 3 axes at 0.025 in peak 
to peak displacement (4 g's at 55 c/s), 10 to 55 to 10 c/s 
in 1 -minute cycles. 

SHOCK 

Operating: 20 g's, ’/ 2 sine, 11 -ms duration. Two guillotine- 
type shocks per axis each direction for a total of 12 shocks. 
Non-operating: 60 g's, y 2 sine, 11 -ms duration. One guillo- 
tine-type shock per axis each direction for a total of 6 shocks. 

HUMIDITY 

Non-operating: Meets electrical performance specifications 
after exposure to five cycles (120 hours) of Mil-Std-202C, 
Method 106B (omit freezing and vibration, and allow a post- 
test drying period at +20°C and 25% to 80% relative 
humidity). 



OTHER CHARACTERISTICS 

AMPLITUDE CALIBRATOR 

500 mV at external jack; accurate within 3% throughout op- 
erating range. 40 mV applied internally to vertical amplifier; 
accurate within 2% throughout operating range. <l-/is rise- 
time; 2 kHz ±20% repetition rate; 45% to 55% duty cycle. 

POWER OPTIONS 

Wired for 115 V RMS ±10%, 45 to 800 Hz, tapped trans- 
former also allows operation at 230 V ±10%; 20-W maxi- 
mum power consumption for oscilloscope only, 30-W maxi- 
mum with infernal batteries under full charge. Operates on 
external DC supply from 11.5 to 35 V DC; draws <600 mA. 
Operates on 10 internal size D batteries. NiCd rechargeable 
cells provide approx 8 hours continuous operation. Front- 
panel light indicates when internal batteries are low, or (using 
external power) when the voltage source drops too low for 
proper power supply regulation. Recharge requires at least 
16 hours. 

BATTERY CHARGER 

Internal charger provides two different charging currents to 
the internal batteries. A trickle charge or a full charge is ap- 
plied to the internal batteries when the instrument is turned 
off, but connected to the AC line. 
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TYPE 321A 



DIMENSIONS AND WEIGHTS 



Height 


8y 4 in 


22.2 cm 


Width 


5% in 


14.6 cm 


Depth 


16V 2 in 


41 .9 cm 


Net weight 


14V 4 lb 


6.5 kg 


Domestic shipping weight 


~22 lb 


~10.0 kg 


Export packed weight 


~33 lb 


~15.0 kg 



INCLUDED STANDARD ACCESSORIES 

P6012 10X probe (010-0203-00); two 18-inch BNC-to-banana 
plug patch cords (012-0091-00); DC power cord (161-0016- 
01); AC power cord (161-0015-01); 3 to 2-wire adapter (103- 
0013-00); smoke-gray light filter (378-0547-00); mesh filter, 
installed (378-0577-00); two instruction manuals (070-0425-00). 

TYPE 321 A OSCILLOSCOPE, without batteries .... $975 
OPTIONAL ACCESSORIES 

Optional accessories increase measurement capability and 
provide added convenience. The standard 10X probe supplied 
with the instrument satisfies most measurement requirements; 
optional probes may be better suited for particular applica- 
tions. In addition to the listed optional probes, other probes 
are available for current and high-voltage measurements. See 
catalog accessory pages for additional information on these 
and other items. 




C-30A COMPACT CAMERA 

f/1.9 lens, magnification variable from 1.5:1 to 0.7:1, Polaroid 
Land* Pack-Film back for 3000-speed film, order C-30A-P . . . 
$450 

321 A to C-30A Camera adapter, order 016-0242-00 .... $ 15 

^Registered Trademark Polaroid Corporation 




C-30A CAMERA CARRYING CASE 

Constructed of heavy-gage, high-impact plastic, has foam- 
backed, vacuum-formed styrene liner. Holds C-30A Camera, 
all standard accessories and extra film. 

Order 016-0126-00 $ 35 




CARRYING CASE 

Protects Type 321 A, provides convenient accessory storage 



compartment, order 016-0026-00 $38 

RECHARGEABLE BATTERIES 

Each NiCd cell, order 146-0010-00 $ 7 

Set of 10 NiCd cells, order 016-0077-01 $ 70 

PROBES 

P6007 100X Probe Package, order 010-0150-00 $26 



P601 1 IX Miniature-Probe Package, order 010-0193-00 . . $19 

U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 
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SONY 



TEKTRONIX 1 

TYPE 323 






DC-to-4 MHz 

PORTABLE OSCILLOSCOPE 



HEW 



• AC, DC OR BATTERY POWERED 

• COMPACT SIZE — WEIGHT X7 lb 

• ALL SOLID-STATE RELIABILITY 

• 4 -MHz BANDWIDTH AT lOmV/DIV 

• UP to 8 -HOURS OPERATION FROM INTERNAL 
BATTERY PACK 

• DESIGNED FOR SEVERE ENVIRONMENTS 

• CONVENIENT ACCESSORY STORAGE 



The Type 323 is an all solid-state, single-channel, 4-MHz 
portable oscilloscope providing the operator the convenience 
of using AC, DC or internal rechargeable batteries for powering 
the instrument. The 323 features small size and light weight, 
together with extremely low power consumption. Depth is 
10 5 / 8 inches, width — 8V 2 inches, height — 4’/ 4 inches, weight — 
~7 pounds. Power consumption is up to 4.5 watts, typically 
1.6 watts from an external DC source and 14 watts when pow- 
ered from the AC line. Internal rechargeable batteries will 
provide up to 8 hours continuous operation, sufficient for a 
full working day. The portability/performance provided by the 
Type 323 Oscilloscope, makes it most attractive for use in 
"on-site" maintenance applications; for example, industrial con- 
trol equipment, communication systems, business machines and 
computers. 



CHARACTERISTIC SUMMARY 



VERTICAL 

BANDWIDTH— DC to 4 MHz. 

RISETIME— 90 ns. 

CALIBRATED DEFLECTION FACTOR— 10 mV/div to 20V/div 
at full bandwidth, 1 mV/div at 2.75-MHz bandwidth. 

INPUT RC — 1 megohm paralleled by approx 47 pF. 

HORIZONTAL 

CALIBRATED TIME BASE— 5^s/div to 1 s/div. 

X10 MAGNIFIER — Extends time base to 0.5 fj.s/div. 

EXTERNAL INPUT— 30 mV/div to 20V/div, continuously vari- 
able, DC to 10 kHz. 

CRT 

DISPLAY AREA — 6x10 divisions (’/ 4 inch/division). 

PHOSPHOR— P31. 

OTHER 

AMPLITUDE CALIBRATOR— Internal, 0.5 V at external jack. 

POWER SOURCES — Internal batteries; external DC supply of 
6 to 16 V, 4.5 W; 90 to 136 VAC or 180 to 272 VAC, 48 Hz 
to 440 Hz, 14 W at 115 VAC. 
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type 323 




EASY TO CARRY 



Adjustable handle and included shoulder strap make this 
7-pound oscilloscope easy to carry. 

VERTICAL DEFLECTION 

BANDWIDTH 

DC to at least 4 MHz at 3-dB down. DC to at least 2.75 MHz 
at 3-dB down using XI 0 gain. Low-frequency 3-dB-down point 
with AC coupling is 2 Hz or less, extending to 0.2 Hz or less 
with the included 10X probe. 

RISETIME 

90 ns or less; 130 ns or less using XI 0 gain. 

DEFLECTION FACTOR 

lOmV/div to 20V/div in 11 calibrated steps (1-2-5 sequence), 
1 mV/div to 2 V/div using X10 gain, all steps accurate within 
3%. Uncalibrated, continuously variable between steps and 
to approx 50 V/div. 

ABERRATIONS 

At the 10 mV/div vertical attenuator setting, aberrations 
are +2%, —2% or less, total of 3% P-P or less at — 15°C 
to -f-55°C. At all other V/div settings, aberrations are 
+3%, —3% or less, total of 3% P-P or less at 0°C to +55° C 
and +4%, —4% or less, total of 4% P-P or less at — 15° C 
to +55°C. 

INPUT RC 

1 megohm within 2% paralleled by 47 pF within 4 pF. 
MAXIMUM INPUT VOLTAGE 
500 V (DC + peak AC). 

DISPLAYED NOISE 



0.1 div or less at 1 mV/div, using 50-0 termination or in- 
cluded probe. 




Input and output connections are provided on the left side panel, 
freeing important front panel space for operating controls. 

HORIZONTAL DEFLECTION 

TIME BASE 

5 /xs/div to 1 s/div in 17 calibrated steps (1-2-5 sequence), 
accurate within 3%, over the center 8 divisions, from 5 /xs/div 
to 0.2 s/div, accurate within 4% from 0.5 s/div to 1 s/div. 
Uncalibrated, continuously variable between steps and to 
approx 2.5 s/div. 

XI 0 MAGNIFIER 

Operates over full time base, increases fastest sweep rate to 
0.5 /xs/div. Accuracy of magnified display is within 4%, 
over the center 8 divisions, from 2 /xs/div to 20ms/div, within 
5% at 0.5 /xs/div, 1 /xs/div, 50ms/div, and 0.1 s/div. 




EASY TO USE 



Small size of the Type 323 makes it easy to carry around 
the neck or support in the lap. 

EXTERNAL INPUT 

Continuously variable from approx 25 mV/div to approx 
25 V/div, AC or DC coupled. DC to at least 10 kHz at 3-dB 
down. 

TRIGGER 

MODES 

Automatic or manual level and slope selection with a single 
control. Automatic operation minimizes trigger adjustments 
and is useful above 30 Hz. With no input, automatic trigger- 
ing provides a bright baseline at all sweep rates. 

COUPLING 

AC and AC LF REJ for internal triggering, AC and DC for 
external triggering. 300-V maximum input voltage (combined 
DC + peak AC). 

AMPLITUDE REQUIREMENTS 

0.3-div deflection or 75 mV external to 400 kHz, increasing 
to 0.75-div deflection or 190 mV external at 4MHz. Require- 
ments increase below 30 Hz with internal or external AC 
coupling and below 30 kHz with AC LF REJ coupling. 

CRT 

CRT 

6 x 10-div display area; each div is ’/ 4 inch. CRT uses direct 
heated cathode, providing a useful display approx two 
seconds after turn-on. P31 phosphor normally supplied; P7 
is optional without extra charge. Consult your Field Engineer, 
Representative or Distributor for application information and 
availability. External blanking input requires +5 V to +20 V 
(DC coupled), is usable from DC to at least 100 kHz. 150-V 
maximum input voltage (combined DC + peak AC). 
GRATICULE 

Internal, black, non-illuminated. Vertical and horizontal cen- 
terlines marked in 5 minor divisions per major '/ 4 -inch divi- 
sion. 

ENVIRONMENTAL CAPABILITIES 

AMBIENT TEMPERATURE 

Operating: — 15°C to +55°C. 

Non-operating: — 55°C to +75°C (without batteries). 

— 40°C to +60°C (with batteries). 

Charging: — 0°C to +40°C. 

ALTITUDE 

Operating: 15,000 feet; maximum ambient temperature rating 
must be decreased by 1 °C/1000 feet from 5,000 feet to 15,000 
feet. 

Non-operating: 50,000 feet. 
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TYPE 323 



VIBRATION 

Operating: 15 minutes along each of the 3 major axes, 0.025 
inch peak-to-peak displacement (4 g's at 55 c/s) 10 to 55 to 
10 c/s in 1 -minute cycles. 

SHOCK 

Operating and non-operating: 30 g's, y 2 sine, 11 -ms duration, 
2 shocks per axis in each direction for a total of 12 shocks. 

ELECTROMAGNETIC INTERFERENCE 

Meets radiated interference requirements of MIL-I-6181D and 
MIL-I-1690C over the range 150 kHz to 1 GHz. Instrument 
must be battery operated with CRT mesh filter (378-0596-00) 
installed. Installation of the CRT mesh filter diminishes the 
usefulness of the internal non-illuminated graticule. 

HUMIDITY 

Non-operating: Meets electrical performance specifications 
after exposure to five cycles (120 hours) of Mil-Std-202C. 
Method 106B (omit freezing and vibration, and allow a post- 
test drying period at -f-25 0 C z±5°C at 20% to 80% relative 
humidity. 

OTHER CHARACTERISTICS 

AMPLITUDE CALIBRATOR 

0.5 V at external jack, accurate within 1% from +20°C to 
-f30°C, within 2% throughout the operating temperature 
range. Output resistance approx 10 kfi. Risetime 2 ^s or less; 
duty cycle 40% to 60%. Output also switchable internally 
to vertical amplifier. 

PROBE 

The P6049 is a miniaturized 10X probe with 3.5-foot cable, 
and right-angle swivel BNC connector. Input RC with probe 
is lOMfi within 2% paralleled by less than 13.5 pF. 

POWER SOURCES 

Battery operation: removable power pack contains 6 size 
"C" NiCd cells providing 3.4 to 8-hours operation. Operating 
time depends on signal frequency and amplitude, the setting 
of trace intensity, operating temperature and temperature 
during previous battery charge. Maximum time is achieved 
at 20°C to 25°C charge and 20°C to 30°C operating tem- 
perature. Internal charger provides for charging the internal 
batteries when connected to the AC line, operating or non- 
operating. Recharge requires at least 16 hours at full charge. 
A Trickle Charge position prevents battery self-discharge 
when not in use. 

External DC source: operates from an external DC source of 
6 V to 16 V, requires up to 4.5 W, typically 1.6 W. 

External AC source: operates from an external AC source of 
90 to 136 V, or 180 to 272 V. 48 to 440 Hz, 14 W maximum 
at 115 VAC. 



DIMENSIONS AND WEIGHTS 



Height 


4% in 


10.8 cm 


Width without handle 


7% in 


1 8.4 cm 


Width with handle 


B'/i in 


21 .6 cm 


Depth with panel cover 


10% in 


27.0 cm 


Depth with handle extended 


12% in 


32.3 cm 


Net weight without accessories 


CZ7 lb 


~3.2 kg 


Domestic shipping weight 


PZ)3 lb 


~5.9 kg 


Export-packed weight 


J=:21 lb 


~9.5 kg 




Optional rain jacket (left) slips over the Type 323 and 
its included accessory pouch (right). 

INCLUDED STANDARD ACCESSORIES 
P6049 10X probe (010-0223-00); patch cord (012-0089-00); ac- 
cessory pouch (016-0113-00); viewing hood (016-0247-01); 
3 to 2-wire adapter (1 03-001 3-00); BNC-to-binding post adap- 
ter (103-0033-00); power cord (161-0043-00); panel cover (200- 
0812-00); strap assembly (346-0051-00); smoke-gray light filter 
(426-0403-00); two instruction manuals (070-0750-00). 

TYPE 323 OSCILLOSCOPE, including batteries $925 

The SONY®/TEKTRONIX® Type 323 is manufactured and marketed 
in Japan by Sony/Tektronix Corporation, Tokyo, Japan. Outside 
of Japan the Type 323 is available from Tektronix, Inc., its market- 
ing subsidiaries and distributors. 

OPTIONAL ACCESSORIES 

RAIN JACKET 

The rain jacket provides protection for the Type 323 during 
transport or storage, is constructed of waterproof blue vinyl, 
order 016-0112-00 $ 7 




POWER PACK 

Extra power pack, in addition to the one supplied with the 
Type 323 allows one power pack to charge while the other 
is powering the oscilloscope. Pack contains 6 size "C” NiCd 



cells and battery charger, order 016-0119-00 $95 

BATTERY SET 

Set of 6 NiCd cells, order 146-0012-00 $20 



U.S. Sales Prices FOB Beaverton, Oregon 



35 






TYPE 410 




• DISPLAYS ECG, EEG, OR PULSE WAVEFORMS 

• SIMPLE CONTROLS 

• SOLID-STATE RELIABILITY, QUICK TURN-ON 

• HEART RATE BEEP 

• PORTABLE, I2'/ 2 POUNDS 

• UP TO 12 -HOURS OPERATION FROM INTERNAL 
BATTERY PACK 

The Type 410 is designed for patient monitoring during sur- 
gery, recovery, and intensive care. Of special use to the an- 
esthesiologist, it displays on a cathode-ray tube waveforms 
of the electrocardiogram (ECG), electroencephalogram (EEG), 
or pulse. During surgery, the Type 410 can give early warn- 
ing of a developing problem. Other applications of the Type 
410 include measurements of fetal ECGs, using the high-gain 
input (EEG) and electrodes supplied with the Monitor. 

Ease of operation, with a minimum of controls, contributes 
to the usability of the Type 410, as do its other features: 4- 
second recovery after overdrive by defibrillator or cauterizer, 
output for strip-chart recorder, and a cabinet finish that is dur- 
able and washable. 




The Monitor can be conveniently positioned (using the op- 
tional mounting fixture) at the five-foot level on the anesthesi- 
ologist's gas machine for easy viewing, then lifted off and 
carried with the patient to the recovery room. The 12y z -pound 
weight and battery operation permit easy mobility and con- 
tinuous operation without disconnecting leads or power. 
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ECG MEASUREMENTS 

Heart rates from 35 beats/min to 180 beats/min can be 
directly read by observing the point on the CRT graticule 
scale where the second R wave occurs. A beep sound coin- 
cident with each repetition of the ECG waveform provides an 
audible indication of heart rate, in addition to the waveform 
display. Thus a sudden change in heart rate can be quickly 
detected, even without constant observation of the display. 
Loss of signal to the Monitor for 2 to 4 seconds automatically 
increases the rate of the beep to an alarm level, and also pro- 
vides a baseline on the CRT. Bandwidth in the ECG mode is 
<0.1 Hz to 250 Hz ± 15%. Deflection sensitivity is 20 mm/ 
mV, accurate within 5%. Seven commonly-used leads can be 
selected: I, II, III, aV R , aV L , aV F and V. Silver-silver chloride 
non-polarizing electrodes are supplied as standard accessories. 
The Type 410 is also compatible with common needle elec- 
trodes and inexpensive disposable surface electrodes. 

EEG MEASUREMENTS 

EEG input accepts the included silver - silver chloride ECG 
electrodes supplied with the Monitor. Optional EEG elec- 
trodes (identical except for color coding) are also available. 
Bandwidth in the EEG mode is <0.1 Hz to 100 Hz ±15%. 
Deflection sensitivity is 10 mm/50 /xV, accurate within 5%. 

PULSE MEASUREMENTS 

Auxiliary input accepts the optional photosensitive pulse 
sensor. The pulse sensor, containing a light source and photo- 
resistor, is attached to the patient’s finger. As the pulse 
occurs, the amount of blood in the finger changes the amount 
of light reaching the photo-resistor. The resulting display 
provides a quick indication of heart rate. A beep sounds 
coincident with each pulse, giving an audible as well as 
visible indication of the patient's heart activity. Loss of sig- 
nal to the Monitor for 2 to 4 seconds automatically increases 
the rate of the beep to an alarm level, and provides a base 
line on the CRT. Bandwidth at the Auxiliary mode input is 
<0.1 Hz to 250 Hz ±15%. Deflection sensitivity is 2 mm/ 
mV, accurate within 5%. 



410 

HIGH COMMON-MODE REJECTION 

>500,000:1 throughout bandwidth with a balanced, low- 
impedance source. 50,000:1 AUX; 100,000:1 ECG; 150,000:1 
EEG at 60 Hz with 5-kfi source impedance unbalance between 
properly-applied electrodes. High common-mode rejection, 
with corresponding reduction of interference is obtained under 
actual operating conditions. 

COMMON-MODE DYNAMIC RANGE 

+3 V to -3 V. 

DIFFERENTIAL DYNAMIC RANGE 

Monitor characteristics are valid with an input terminal DC 
potential difference (offset) of up to 20 mV. Typically less 
than 1 0 mV difference exists between the non-polarizable 
silver-silver chloride electrodes supplied with the Type 410. 
At least 100 mV of either polarity can be applied with no 
more than 5% reduction in amplifier gain. 

DIFFERENTIAL INPUT RESISTANCE 

2MQ ±15% in EEG and ECG mode, 20 Mfi ±15% in 
Auxiliary mode. 

DRIFT 

<0.5 cm per hour after 10-second warm-up. 

DISPLAY NOISE 

<0.1 cm in the calibrated EEG mode, input shorted. 

SWEEP SPEEDS 

25, 50, and 100 mm per second; accurate within 5%. 

Sweep is triggered in ECG and AUX operating modes. 

AUDIO SIGNAL 

Beep sounds at heart rate, providing audible indication of 
normal or arrhythmic heart rate. Automatic alarm sounds 
if there is a loss of signal for 2 to 4 seconds. Loudness is 
adjustable. Using the audio output jack disconnects the in- 
ternal speaker. 

WAVEFORM SIZE 

Vertical size of ECG, EEG, and pulse waveforms is continu- 
ously variable from '/j to 3 times the height of the calibrated 
display. 



Pulse display — approx 75 beats/minute 




CRT 

5-inch rectangular CRT has 8x10-cm viewing area. P-7 
phosphor has long decay time for convenient viewing at 
slow sweep speeds. The external graticule has a graduated 
heart-rate scale at the top, a battery-condition scale at the 
bottom, and a vertical and horizontal center-line scale marked 
in centimeters. 
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TYPE 410 

BATTERY OPERATION 

Removable battery pack contains 10 size "C" NiCd cells, 
provides 8 to 12 hours operation with maximum accessory 
load at +20°C to +25°C. Internal charger provides re- 
charge in 16 hours, operates from 90 V to 136 VAC or 180 V 
to 272 VAC, 48 Hz to 440 Hz, requires <7W at 115 V, 60 
Hz. Monitor can also be operated from line (with reduced 
charge to battery pack). 



CLEANING 

Monitor and accessories can be damp wiped with mild soap 
and water. 




Type 410 operating controls. 

DIMENSIONS AND WEIGHTS 



Height 


5% 


in 


13.7 cm 


Width without handle 


8 % 


in 


21.6 cm 


Width with handle 


9% 


in 


23.2 cm 


Depth without handle 


10 % 


in 


27.4 cm 


Depth with handle 


12 % 


in 


32.7 cm 


Weight without accessories 


12 % 


lb 


5.6 kg 


Domestic shipping weight 


~20 lb 




~9.1 kg 


Export packed weight 


~30 lb 




~13.6 kg 



REPRESENTATIVE ACCESSORIES 




INCLUDED STANDARD ACCESSORIES 

Power cable assembly (161-0037-02); patient cable assem- 
bly (012-0120-00); electrode LA black (012-0121-10); electrode 
LL red (012-0121-12); electrode RL green (012-0121-15); elec- 
trode RA white (012-0121-19); package adhesive electrode 
rings (006-1 099-00); tube electrode paste (006-1098-00); two 
electrode adapter kits ( 012 - 0122 - 00 ), one electrode adapter 
kit (012-0138-00); two instruction manuals (070-0658-00). 
TYPE 410 PHYSIOLOGICAL MONITOR $850 



OPTIONAL ACCESSORIES 



MOUNTING STAND 

Mounts Type 410 at the five-foot level, permits swivelling 
and tipping the Monitor for convenient viewing. Hardware 
supplied with the fixture attaches to gas machine, bed, flat 
or round surface up to 1 '^-inch diameter. 

Order 016-0110-00 $ 35 

MOUNTING CUP 

Mounts Type 410 to flat surface, permits tipping the Moni- 
tor for convenient viewing. Mounting screws not included; 
Order 407-0393-01 $ 3 

CHEST ELECTRODE 

Brown color code. 

Order 012-0121-11 $ 15 

EEG ELECTRODE 

Yellow color code, 2 required 

Order 012-0121-14 (each) $ 



PULSE SENSOR ASSEMBLY 

Photoresistive sensor for pulse measurements, used with Type 
410 Auxiliary input. 

Order 015-0104-00 <t zn 




Pulse Sensor attached to finger. 



BATTERY PACK 

Extra battery pack, in addition to the one supplied with the 
Type 410, allows one pack to charge while the other is 
powering the Monitor. Pack contains 10 size "C" NiCd cells 
and battery charger. 

Order 016-0107-00 * on 



U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 
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422 

R422 




DC-to-15 MHz 

PORTABLE OSCILLOSCOPES 



• COMPACT SIZE — LIGHT WEIGHT 

• DUAL TRACE, FET INPUTS 

• DESIGNED FOR SEVERE ENVIRONMENTS 

• AC AND AC/DC VERSIONS 

• UP TO 5 HOURS OPERATION FROM INTERNAL 
BATTERY PACK (AC/DC VERSION) 

• ILLUMINATED PARALLAX-FREE GRATICULE 

The Type 422 is a portable dual-trace oscilloscope that com- 
bines small size and light weight with the ability to make 
precise waveform measurements. It weighs under 22 pounds and 
occupies less than 0.6 cubic foot. To make it truly portable, 
the Type 422 is ruggedly constructed to withstand shock, vibra- 
tion, and other extremes of environment. Solid-state design, 
using FET input circuitry, provides minimum drift and fast sta- 
bilization time. No longer need measurements be compromised 
due to adverse field conditions; the Type 422 brings the pre- 
cision of the laboratory to the field. 

Two models are available. One operates on AC; the other 
on AC or DC, with an optional battery pack providing up to 
5 hours operating time for completely portable operation. The 
AC model is also available as Type R422, arranged in a rack- 
mount panel assembly with a hinged-door compartment for 
storing accessories. The hinged door can be removed to allow 
the installation of a second Type 422 for applications that 
require two instruments. The entire assembly is mounted to 
the rack with slide-out tracks. 



CHARACTERISTIC SUMMARY 
VERTICAL 

(2 Identical Channels) 

BANDWIDTH— DC to 15 MHz. 

RISETIME— 24 ns. 

CALIBRATED DEFLECTION FACTOR— 10 mV/div to 20 V/div. 
INPUT RC — 1 megohm paralleled by 33 pF. 

HORIZONTAL 

CALIBRATED TIME BASE— 0.5 /xs/div to 0.5s/div. 

X10 MAGNIFIER — Extends fastest time-base to 0.05 /xs/div. 
EXTERNAL INPUT— 1 V/div to 100 V/div, DC to 500 kHz. 

CRT 

DISPLAY AREA — 8x10 divisions (0.8cm/div). 

ACCELERATING VOLTAGE— 6 kV. 

PHOSPHOR— P31 

OTHER 

AMPLITUDE CALIBRATOR— 0.2 V peak to peak, internally; 2 V 
peak to peak, front-panel jack; 1-kHz squarewave (approx). 

POWER OPTIONS— 

AC Model: 95 to 136 VAC or 190 to 272 VAC, 45 to 440 Hz, 
approx 26 W. AC/DC Model: AC mode — 92 to 137 VAC 
or 184 to 274 VAC, 45 to 440 Hz, maximum 30 W. DC 
mode — 11.5 to 35 VDC, maximum 26 W. Also accepts 24-V 
battery pack. 



39 





422 



TYPE 



R422 



VERTICAL DEFLECTION 

(2 Identical Channels) 



BANDWIDTH 

DC to 15 MHz at 3-dB down (each channel); 5 Hz to 5 MHz 
at 3-dB down, on XI 0 gain (channel 2). Low-frequency 3-dB- 
down point is <2 Hz with AC coupling (each channel), <0.2 
Hz with included 10X probe. 

RISETIME 

24 ns each channel; 70 ns at XI 0 gain (channel 2). 

DEFLECTION FACTOR 

lOmV/div to 20V/div in 11 calibrated steps, 1-2-5 sequence 
(each channel). Deflection factor extended to 1 mV/div in 
XI 0 position (channel 2). All steps accurate within 3%; 7.5% 
on X10 GAIN (channel 2). Uncalibrated, continuously variable 
between steps and to approx 50V/div. Warning light indi- 
cates uncalibrated setting. 

DC DRIFT 

Drift with time — 

Short term: (ambient temperature and line voltage con- 
stant) 0.1 div or less during any minute within 
first hour after 20-minute warm-up. 

Long term: (with ambient temperature 20°C to 30°C and 
line voltage constant) 0.2 div or less during 
first hour after 20-minute warm-up. 

Drift with temperature — 0.2 div or less per 10°C. 

INPUT RC 

1 megohm ±2% paralleled by 33 pF ±1 pF. 

MAXIMUM INPUT VOLTAGE 

300 V (DC plus peak AC), AC not to exceed 300 V, 1 kHz 
or less. 



OPERATING MODES 

Channel 1 only; Channel 2 only; Channels 1 and 2 added 
algebraically; dual-trace chopped; dual-trace alternate. In 
chopped operation, successive 3.3-/xs segments of each chan- 
nel are displayed at an approx 150-kHz rate. Channel 2 has 
polarity inversion. Common-mode rejection ratio is >100:1 at 
50 kHz with Channels 1 and 2 adjusted for equal gain. 

DELAY LINE 

Permits viewing of leading edge of triggering waveform. 



HORIZONTAL DEFLECTION 



TIME BASE 

0.5/is/div to 0.5s/div in 19 calibrated steps (1-2-5 sequence), 
accurate within 3% over center 8 div. Uncalibrated, con- 
tinuously variable between steps and to approx 1 .25 s/ div. 
Warning light indicates uncalibrated vernier settings. 

X10 MAGNIFIER 

Operates over full time base, increases fastest rate to 50 ns/ 
div. Accuracy of magnified time base is within 5% over 
center 8 div. 

EXTERNAL INPUT 

Variable between approx 1 V/div to lOOV/div. DC to >500 
kHz at 3-dB down. Input RC 300 k(2 ±10% paralleled by 
35 pF ±3 pF. 

OTHER 

Gate output (on front panel) is a negative-going rectangular 
pulse with same duration as time base; 0.5-V minimum; 620- 
ohm ±10% source impedance. 



TRIGGER 

MODES 

Automatic or Normal. Automatic operation useful between 
20 Hz and 15 MHz, minimizes trigger adjustments for signals 
of different amplitudes, shapes and repetition rates. With no 
input (or input less than 20 Hz), the automatic triggering free 
runs the sweep and provides a bright reference trace at all 
sweep rates. 



COUPLING 

DC; AC; AC LOW FREQ REJECT. 

SOURCES 

Internal: Channels 1 and 2, Channel 1 only; 

External: Input RC is 1 00 kd ±3% paralleled by 33 pF ±5 
pF. Positive or Negative slope. Trigger level range at least 
+ 10 V to — 10 V. Maximum input voltage 250 V (DC plus 
peak AC). 



REQUIREMENTS 

DC: 0.2-div deflection or 125 mV ext up to 5 MHz, increasing 
to 1 div or 0.6 V at 1 5 MHz. 

AC: Same as DC above 50 Hz. 

AC LOW FREQ REJECT: Same as DC above 50 kHz. 



ENVIRONMENTAL FEATURES 

AC MODEL 

Ambient Temp: Operating: — 15°C to +55°C. 

Non-operating: — 55°C to +75°C. 

Operating: 15,000 ft, maximum. 
Non-operating: 50,000 ft, maximum. 

Non-operating: Meets electrical performance 
specification after exposure to five cycles 
(120 hrs) of Mil-Std-202C, Method 106B 
(omit freezing and vibration, and allow a 
24-hour post-test drying period at room am- 
bient conditions of 25°C, ±5°C and 20 to 
80% relative humidity). 

Operating: 15 minutes along each of 3 axes 
at 0.025 inch peak to peak displacement (3.9 
g's at 55 c/s), 10-55-10 c/s in 1-minute cycles. 
Operating and non-operating: 30 g's, V 2 sine, 
11 -ms duration, 2 shocks per axis in each di- 
rection for a total of 12 shocks. 

Meets interference requirements of MIL-I- 
61 81 D, Power line conducted: 150 kHz — 25 
MHz. Radiated (with mesh filter installed): 150 
kHz— 1000 MHz. 

AC/DC MODEL, with batteries 
Same as AC MODEL, with these exceptions: 

Temperature: Operating: — 15°C to +40°C 

Non-operating: — 40° C to +60° C 
Humidity: Derate temperature to +60°C. 

OTHER CHARACTERISTICS 

AMPLITUDE CALIBRATOR 

Squarewave, 1 kHz within 20%, negative-going. Provides 
0.2 V, internally, ±1.5% (+20°C to +30°C), and 2 V, 
±0.5% (+20°C to +30°C), at Probe Cal jack on front 
panel. 



Altitude: 

Humidity: 

Vibration: 

Shock: 

EMI: 
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POWER OPTIONS 

AC Model: 95 to 136 VAC or 190 to 272 VAC, 45 to 440 Hz, 
26 watts at 115 VAC. 

AC/DC Model: AC mode: 92 to 137 VAC or 184 to 274 VAC, 
45 to 440 Hz, 30 W maximum. DC mode: 11.5 to 35 VDC, 
26 W maximum (constant power: 2.3 A max, 750 mA min). 
24-V battery pack (part number 016-0066-02) provides up to 
5-Hours continuous operation. 



TEKTRONIX CRT 

Rectangular, 4-inch, with 0.8-cm divisions; 8xl0-div display 
area. Illuminated internal graticule. 6-kV accelerating 
potential. External blanking, DC-coupled +2 V and greater 
will completely blank trace. P31 phosphor normally supplied; 
PI, P2, P7, or Pll are optional without extra charge. Con- 
sult your Field Engineer, Representative, or Distributor for 
application information and availability. 




DIMENSIONS AND WEIGHTS (Type 422) 



Height 


6'Vu in 


17.7 cm 


Width 


9% in 


23.8 cm 


Depth (including panel cover) 


AC Model 


15% in 


40.0 cm 


AC/DC Model 


18’/,, in 


47.2 cm 


Depth (with extended handle) 


AC Model 


17’%, in 


45.4 cm 


AC/DC Model 


20% in 


52.4 cm 


Weight (with front cover and ac- 
cessories) 


AC Model 


21% lb 


9.7 kg 


AC/DC Model without batteries 


23 lb 


10.5 kg 


AC/DC Model with batteries 


30 lb 


13.7 kg 


Domestic shipping weight 


AC Model 


— 30 lb 


ZZI3.6 kg 


AC/DC Model without batteries 


~32 lb 


^14.6 kg 


Export-packed weight 


AC Model 


—44 lb 


~20.0 kg 


AC/DC Model without batteries 


—46 lb 


—20.9 kg 


DIMENSIONS AND WEIGHTS (Type 


R422) 




Height 


7 in 


17.8 cm 


Width 


19 in 


48.3 cm 


Depth behind front panel 


12% in 


31 .8 cm 


Net weight 


23% lb 


1 0.6 kg 


Domestic shipping weight 


—50 lb 


~22.7 kg 


Export-packed weight 


—73 lb 


—33.2 kg 





R422 



TYPE 422 AC POWERED PORTABLE 

INCLUDED STANDARD ACCESSORIES 

Two P6012 10X probe (010-0203-00); adapter, BNC to binding 
post (103-0033-00); ornamental ring (354-0248-00); light grati- 
cule, smoke-gray filter (378-0549-00); clear, CRT protector plate 
(386-0118-00); mesh filter, installed, (378-0571 -00); AC power 
supply (01 6-0072-00); 3 to 2-wire adapter (103-0013-00); power 
cord, 117 V, 3-conductor, right-angle, female with straight 
male plug (161-0024-01); two instruction manuals (070-0894-00). 

TYPE 422 OSCILLOSCOPE $1450 



TYPE 422 AC/DC POWERED PORTABLE 

MOD 1 25B 




422 MOD 1 25B (Shown with protective cover in place) 



INCLUDED STANDARD ACCESSORIES 
Type 422 with AC/DC battery power supply, less batteries. 
Two P6012 10X probe (010-0203-00); ornamental ring (354- 
0248-00); light graticule, smoke-gray filter (378-0549-00); clear, 
CRT, protector plate (386-0118-00); mesh filter, installed (378- 
0571-00); AC/DC power supply (01 6-0073-00); 3 to 2-wire 
adapter (1 03-001 3-00); 3-wire AC with female connector and 
male plug power cord (161-0015-01); 3-wire DC with female 
connector power cord (161-0016-01); BNC to binding post 
adapter (1 03-0033-00); two instruction manuals (070-0895-00). 
TYPE 422 MOD 125B OSCILLOSCOPE, without Battery Pack 

$1800 

BATTERY PACK FOR TYPE 422 MOD 125B 
Order 016-0066-02 $125 



TYPE R422 AC POWERED RACKMOUNTS 
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OSCILLOSCOPE ON LEFT 

Type R422 Oscilloscope (mounted on left side) includes acces- 
sories listed for Type 422 above plus slide-out tracks (351 - 
0100-00); and mounting hardware. 

TYPE R422 OSCILLOSCOPE $1525 

OSCILLOSCOPE ON RIGHT, MOD 150E 

Type R422 Oscilloscope (mounted on right side) includes 
accessories listed for Type 422 above plus slide-out tracks 
(351-0100-00); and mounting hardware. 

TYPE R422 MOD 150E OSCILLOSCOPE $1525 

OSCILLOSCOPES SIDE BY SIDE, MOD 150B 

Two Type 422’s mounted in a rackmount panel include two 
sets of accessories listed for Type 422 above plus slide-out 
tracks (351-0100-00); and mounting hardware. 

TYPE R422 MOD 150B OSCILLOSCOPE $2950 

OSCILLOSCOPE WITHOUT CABINET, MOD 146B 

Type 422 Oscilloscope without cabinet for rackmount con- 
version includes accessories listed for Type 422. 

TYPE 422 MOD 146B OSCILLOSCOPE $1425 






AC/DC POWER SUPPLY WITHOUT BATTERY PACK 



Converts Type 422 Portable Oscilloscope for DC or (with 
battery pack) battery operation. 

Domestic shipping weight 10'/ 4 lbs. 

Includes: 3 to 2-wire adapter (103-0013-00); power cord, 3- 
wire AC w/female connector and male plug (161-0015-01); 
power cord, 3-wire DC w/female connector (161-0016-01); 
two instruction manuals (070-0895-00). 

Order 016-0073-00 $600 

COLLAPSIBLE VIEWING HOOD 

Permits viewing of trace under high ambient-light conditions, 
order 01 6-0082-00 $8.00 



CONVERSION KITS 

PORTABLE TO RACKMOUNT CONVERSION KIT 

This mounting kit includes hardware and instructions to con- 
vert existing Type 422 Oscilloscopes (AC version) for rack- 
mount installation. Order 040-0419-00 $85 

RACKMOUNT TO PORTABLE CONVERSION KIT 

This kit includes the cabinet and necessary hardware to con- 
vert existing Type R422 Oscilloscopes for portable operation. 

Order 040-0421-00 $60 

OPTIONAL ACCESSORIES 

This listing covers only the more commonly used items. The 
standard probes (10X) supplied with the instrument satisfy most 
measurement requirements. In addition to the listed optional 
probes, other probes are available for current and high-volt- 
age measurements. A complete list of accessory items can be 
found in the catalog accessory pages. 

C-30A COMPACT CAMERA 

f/1.9 lens, magnification variable from 1.5:1 to 0.7:1, Polaroid 
Land* Pack-Film back for 3000-speed film, order C-30A-P 
$450 

PROBES 

P6007 100X Probe Package, order 010-0150-00 $26.00 

P601 1 IX Miniature Probe Package, order 010-0193-00 $19.00 

OSCILLOSCOPE COVER 

Provides protection for Type 422 during transport or storage. 
Type 422 (with battery pack) COVER, 016-0075-00 .... $7.50 
Type 422 (without battery pack) COVER, 016-0076-00 .. $7.50 




SCOPE-MOBILE® CART 

Type 200-2 occupies less than 18-inches aisle space, has stor- 
age space in base $85 

*Registered Trademark Polaroid Corporation 

U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 
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DC-to-SO MHz PORTABLE 
SWEEP DELAY OSCILLOSCOPES 









• 7-ns RISETIME WITH OR WITHOUT PROBE 

• COMPACT, LIGHT WEIGHT 

• DUAL-TRACE, S-mV/DIV DEFLECTION FACTOR 

• CALIBRATED SWEEP DELAY 

• FULL-BANDWIDTH TRIGGERING 

• FULL-SENSITIVITY X-Y DISPLAY 

• FOR SEVERE ENVIRONMENTS 

• ILLUMINATED PARALLAX-FREE GRATICULE 

The Type 453 is a portable, wide-band, dual-trace oscilloscope 
designed to withstand rough transport and other environmental 
extremes. Bandwidth of the Type 453 is DC to 50 MHz (with or 
without supplied probes). Probes are miniaturized for easy 
access to dense circuitry. 

The sharply-focused, bright trace provides a high-definition 
display compatible with the wide-band capabilities of the Type 
453. 

Solid-state design, with FET inputs, provides low drift and fast 
stabilization time. 

Mechanical design features include plug-in transistors (for ease 
of maintenance), a front-panel cover (for use in transit or storage) 
with storage space for accessory items, and a carrying handle 
which can be rotated to several positions as a tilt-stand or for 
convenient carrying. 

Channel 1 can be switched to give horizontal deflection with 
Channel 2 providing the vertical deflection, enabling full-sen- 
sitivity X-Y displays (to 5 mV/div). 

Type R453 is electrically identical to Type 453. It mounts 
on tilting, slide-out tracks to a standard 19-inch rack, requir- 
ing only 7 inches of vertical rack-space. 



CHARACTERISTIC SUMMARY 
VERTICAL 

(2 Identical Channels) 

BANDWIDTH & RISETIME 

lOV/div to 20 mV/div: DC to 50 MHz, 7 ns 
10 mV/div: DC to 45 MHz, 7.8 ns 
5 mV/div: DC to 40 MHz, 8.75 ns 
CALIBRATED DEFLECTION FACTOR — 5 mV/div to lOV/div. 

50 mV/div to lOOV/div with P6010 Probe. 

INPUT RC — 1 megohm paralleled by approx 20 pF. 

HORIZONTAL 

CALIBRATED TIME BASE — 0.1 /is/div to 5s/div. 

XI 0 MAGNIFIER — Operates over full time base, increases 
fastest rate to 1 0 ns/div. 

CALIBRATED SWEEP DELAY— 1 /is to 50 s. 

EXTERNAL INPUT — 270 mV/div to 2.7V/div, or Channel 1 
can drive HORIZONTAL. 

CRT 

DISPLAY AREA — 6x10 div (0.8 cm/div). 

ACCELERATING VOLTAGE — 10 kV. 

PHOSPHOR— P31 . 

OTHER 

AMPLITUDE AND TIME CALIBRATOR— 1 V or 0.1 V output; 

5 mA output; 1-kHz squarewave. 

POWER REQUIREMENTS— 90 to 136 V or 180 to 272 V, 48 to 
440 Hz, approx 92 watts. 
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453 

TYPE 

VERTICAL DEFLECTION 



(2 identical channels) 



BANDWIDTH* AND RISETIME 


DEFLECTION FACTOR** 


FROM 50-n TERMINATED 
SOURCE WITH OR 
WITHOUT P6010 PROBE 


lOV/div to 20 mV/div 


DC to at least 50 MHz, 7 ns 


10 mV/div 


DC to at least 45 MHz, 7.8 ns 


5 mV/div 


DC to at least 40 MHz, 8.75 ns 


1 mV/div 

Ch 1 & 2 Cascaded 


DC to at least 25 MHz, 14 ns 



♦Measured at 3-dB down. Lower 3-dB point, AC coupled is approx 1.6 Hz 
(approx 0.16 Hz with P6010 10X Probe). 

♦♦Without P6010 10X Probe. Deflection factor with P6010 is 10X panel reading. 




DEFLECTION FACTOR (EACH CHANNEL) 

5 mV/div to lOV/div in 11 calibrated steps (1-2-5 sequence), 
accurate within 3%. Uncalibrated continuously variable 
between steps and to ~25V/div. Warning lights indicate 
uncalibrated settings. 



TRACE DRIFT 


DEFLECTION 

FACTOR 


TIME 


TEMPERATURE 


5 mV/div 


less than 0.08 div/h 


less than 0.02 div/ °C 


10 mV/div 


less than 0.05 div/h 


less than 0.01 25 div/ °C 


20 mV/div 
through 
lOV/div 


less than 0.03 div/h 


less than 0.0075 div/°C 



INPUT RC 

1 megohm ±2% paralleled by 20 pF ±3%. 

MAXIMUM INPUT VOLTAGE 

600 V combined DC + peak AC. 

OPERATING MODES 

Channel 1 only; Channel 2 only (normal or inverted); Added 
algebraically (common-mode rejection ratio at least 20:1 at 
20 MHz with 160 mV P-P of common-mode signal at 20 mV/ 
div); Alternate; Chopped at a 500 kHz (±20%) rate. 

DELAY LINE 

Permits viewing of leading edge of triggering waveform. 

SIGNAL OUTPUT 

Channel 1 Vertical Signal: >25 mV/div into 1 megohm; 
approx 50-L2 output resistance; DC to >25 MHz ( — 3 dB). 

INTERNAL TRIGGER SOURCE 

Normal (displayed signal) or Channel 1 signal only picked off 
ahead of channel switching. 



HORIZONTAL DEFLECTION 




Type R453 Oscilloscope 



TIME BASE B 

0.1 /xs/div to 0.5s/div in 21 calibrated steps (1-2-5 sequence). 
Uncalibrated continuously variable between steps and to 
> 1 .25 s/div. Warning light indicates uncalibrated setting. 



TIME BASE A & B SWEEP ACCURACY (center 8 div) 


SWEEP RANGE 


0°C to 40 °C 


— 15°C to +55°C 


0.1 /xs/div to 
50 ms/div 


±3% 


±4% 


0.1 s/div to 
5 s/div 


±3% 


±5% 




X10 MAGNIFIER 

Operates over full time base, increases fastest rate to 10 ns/ 
div. Magnified display accurate within 1 % in addition to 
specified basic sweep accuracy. 

TIME BASE A SWEEP MODES 

Auto Trigger — sweep free runs in absence of triggering sig- 
nal; Normal Trigger; Single Sweep. Light indicates when 
sweep is triggered. 

TIME BASE B SWEEP MODES 
Time Base B Triggerable after delay time; Time Base B starts 
after delay time. 



TRIGGER 



TIME BASE A & B TRIGGER SENSITIVITY 


TRIGGER MODE 


TO 10 MHz 


AT 50 MHz 


INTERNAL 
DC EXTERNAL 


<0.2 div deflection 
<50 mV 


<1 div deflection 
<200 mV 


AC 


As above, except — 3dB at 16 Hz 


AC LF REJECT 


As above, except — 3dB at 16 kHz 


AC HF REJECT 


As above, except — 3dB at 16 Hz and 
100 kHz 



TIME BASE A 

0.1 /xs/div to 5 s/div in 24 calibrated steps (1-2-5 sequence). 
Uncalibrated continuously variable between steps and to 
12.5 s/div. Warning light indicates uncalibrated setting. 
Sweep length continuously variable from <4 div to 11.0 
±0.5 div. 



SOURCES 

Internal, Line, External, External ± 10. 

Input RC approx 1 megohm paralleled by approx 20 pF 
(except in AC LF Reject mode). 600 volts maximum input (DC 
+ peak AC). Level adjustment through > ±2 volts in 
External, through > ±20 volts in External -r- 10. 
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X-Y OPERATION 



CRT 



453 



FULL-SENSITIVITY X-Y (CH 1 HORI7, CH 2 VERT) 

5mV/div to lOV/div in 11 calibrated steps (1-2-5 sequence), 
accurate within 5% from 0° C to +40° C within 8% 
from — 15°C to +55°C; no variable on Ch 1. Bandwidth is 
DC to >5 MHz (—3 dB). Phase difference between amplifiers 
is <3° at 50 kHz. 

HORIZONTAL AMPLIFIER (EXTERNAL INPUT) 

270mV/div ±15% in External, 2.7V/div ±20% in External 
±10. Same bandwidth and phase difference as above. 



TEKTRONIX CRT 

4-inch rectangular tube; dxlOdiv (each div = 0.8cm) dis- 
play area; P31 phosphor normally supplied; PI, P2, P7, or Pll 
are optional without extra charge. Consult your Field Engi- 
neer, Representative, or Distributor for application informa- 
tion and availability. 10-kV accelerating potential. Z-axis 
input DC coupled to CRT; noticeable modulation at normal 
intensity with 5 volts or more peak to peak; DC to >50 MHz 
usable frequency range; maximum input voltage, 200 volts 
(DC plus peak AC, P-P AC 200 V or less, 1 kHz or less). 



CALIBRATED SWEEP DELAY 

DELAY TIME RANGE 

1 /xs to 50 s, continuously variable with 10-turn multiplier. 



DELAY ACCURACY 



DELAY 


0°C to +40°C 


— 15°C to +55°C 


1 yu,s/div to 
50 ms/div 


±1.5% 


±2.0% 


0.1 s/div to 
5 s/div 


±2.5% 


±3.5% 



MULTIPLIER INCREMENTAL LINEARITY 

Included in delay accuracy: ±0.2% from 0°C to +40°C, 
±0.3% from -15°C to +55°C. 

JITTER 

<1 part in 20,000 of 10X Time Base A Time/div setting. 



ENVIRONMENTAL CAPABILITIES 

AMBIENT TEMPERATURE 
Operating: — 15°C to +55°C. 

Non-operating: — 55°C to +75°C. 

ALTITUDE 

Operating: 15,000 feet; maximum allowable ambient tem- 
perature decreased 1 0 C/ 1 000 feet from 5,000 to 15,000 feet. 
Non-operating: 50,000 feet. 

VIBRATION 

Operating: 15 minutes along each of the three axes, 0.025 
inch peak to peak displacement (4 g's at 55 c/s) 10 to 55 to 
10 c/s in 1 -minute cycles. 

SHOCK 

Operating and non-operating: 30 g's, V 2 sine, 11-ms duration, 
2 shocks per axis in each direction for a total of 12 shocks. 

ELECTROMAGNETIC INTERFERENCE (Type 453 MOD 163D 
and R453 MOD 163D only) 

Meets interference requirements of MIL-I-6181D and MIL-1 
16910C, power line conducted: 150 kHz to 30 MHz, radi- 
ated (with mesh filter installed): 14 kHz to 1 GHz. 

HUMIDITY 

Non-operating: Meets electrical performance specifications 
after exposure to five cycles (120 hours) of Mil-Std-202C, 
Method 106B (omit freezing and vibration, and allow a post- 
test drying period at +25°C ±5°C and 20% to 80% rela- 
tive humidity). 



GRATICULE 

Internal, parallax-free; variable edge lighting. 



TRACE FINDER 

Compresses display to within graticule area, for ease in 
determining the location or relative magnitude of an off- 
screen signal. 




Small probe for easy access to dense circuitry. 



OTHER CHARACTERISTICS 

AMPLITUDE AND TIME CALIBRATOR 

1 volt or 0.1 volt output; 5-mA output. Amplitude accurate 
within 1% from 0° C to +40° C, within 1.5% from — 15° C 
to +55°C. 1-kHz squarewave, repetition rate accurate 
within 0.5% from 0° C to +40° C, within 1% from — 15° C 
to +55°C. <l-jus risetime; 49% to 51% duty cycle. 




Panel cover provides storage for standard accessories. 
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453 

TYPE 

SIGNAL OUTPUTS 

A and B Gates: 12 volts ±10%, approx 1.5-kQ output resist- 
ance. 




POWER REQUIREMENTS 

Quick-change line-voltage selector provides 6 ranges: 90 
to 110V, 104 to 126V, 112 to 136V, 180 to 220V, 208 to 
252 V, and 224 to 272 V. 48 to 440 Hz, 92 watts maximum 
at 115 V and 60 Hz. 

COOLING 



Filtered forced-air cooling. 

DIMENSIONS AND WEIGHTS (Type 453) 



Height 


7 y 4 in 


18.4 cm 


Width 


12% in 


30.8 cm 


Depth (including panel cover) 


20% in 


52.0 cm 


Depth (with extended handle) 


22% in 


56.8 cm 


Net weight (without panel cover) 


27% lb 


12.6 kg 


Weight (with panel cover and 






accessories) 


30 lb 


13.6 kg 


Weight (with dust and rain cover, 


32 lb 


14.6 kg 


power cord, and one instruction 






manual) 






Domestic shipping weight 


±42 lb 


±19.1 kg 


Export-packed weight 


±54 lb 


±24.6 kg 


DIMENSIONS AND WEIGHTS (Type R453) 




Height 


7 in 


17.8 cm 


Width 


19 in 


48.3 cm 


Depth (behind front panel) 


17% in 


45.0 cm 


Net weight 


32% lb 


14.7 kg 


Domestic shipping weight 


±63% lb 


±28.8 kg 


Export-packed weight 


±87 lb 


±39.6 kg 



INCLUDED STANDARD ACCESSORIES 

Two P6010 3.5-ft 10X probe package (010-0188-00); 18-inch 
50-Q BNC cable (01 2-0076-00); BNC jack post (012-0092-00); 
3 to 2-wire adapter (1 03-001 3-00); CRT ornamental ring 
(354-0269-00); smoke-gray light filter (378-0576-00); mesh 
filter (installed) (378-0573-00); CRT face-plate protector (386- 
0218-00); oscilloscope dust and rain cover (016-0074-01); two 
BNC to binding post adapters (103-0033-00); five fuses, as- 
sorted spares; two instruction manuals (070-0755-00). Acces- 
sories for R453 are the same as for Type 453 less dust and 
rain cover, but also includes: mounting hardware; slide-out 



tracks (351-0101-00). 

TYPE 453 OSCILLOSCOPE $1950 

TYPE R453 OSCILLOSCOPE $2035 



CONVERSION KIT 

PORTABLE TO RACKMOUNT 

Includes hardware and instructions to convert existing Type 
453 Portable Oscilloscopes for rack-mount installation. 

Order 040-0446-01 $100 



TYPE 453 AND TYPE R453 MOD 163D 

Includes the features of the standard Type 453 and R453, 
and in addition meets electromagnetic interference require- 
ments of MIL-l-61 81 D and MIL-I-16910C; Power line conducted: 
150 kHz to 30 MHz; Radiated (with mesh filter installed): 



14 kHz to 1 GHz. 

TYPE 453 MOD 163D OSCILLOSCOPE $2050 

TYPE R453 MOD 163D OSCILLOSCOPE $2135 



TYPE 453 AND R453 MOD 1 27C 

An internal TV Sync Separator circuit permits stable internal 
Line or Field-rate triggering from displayed composite video or 
composite sync waveforms. External -j- 10 trigger sources are 
replaced by internal TV Sync positions providing Line (Hori- 
zontal) sync pulses to the B Sweep circuit and either Field 
(Vertical) or Line sync pulses to the A Sweep circuit. 

Individual line selection of VIT (vertical interval test) signals 
is facilitated by the sweep delay features in the Type 453. The 
wide range of sweep delays permit accurate alternate-frame 
color-burst observations in the PAL color system. 

Conventional waveform displays and measurements can be 
made from standard broadcast or closed-circuit TV systems, 
domestic or overseas, with up to 1201 -line, 60-Hz field rates. 
A parallax-free, 6x10 div, edge-lighted graticule is standard. 
Two additional snap-in TV graticules are supplied for viewing 
convenience but may not be edge lighted. Other character- 
istics are the same as Type 453 and R453. 

INCLUDED STANDARD ACCESSORIES 

Same as Type 453 except as follows: delete two P6010 3.5 
ft 10X probe packages (010-0188-00), add two P6010 6 ft 
probe packages (010-0185-00), two 6-32 adapters (1 03-0051 - 
00), two spring phone tip adapters (206-0060-00), snap-in light 
filter/TV graticule (NTSC) 378-0576-04, snap-in light filter/TV 
graticule (CCIR) 378-0576-05. 



TYPE 453 MOD 127C $2035 

TYPE R453 MOD 127C $2120 




NTSC color bar test signal displayed on the Type 453 MOD 
127C. 




Multiburst test signal displayed on the Type 453 MOD 127C. 
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453 



OPTIONAL ACCESSORIES 

Optional accessories serve to extend the usefulness of the 
Type 453 in certain applications. This list covers only the 
more commonly used items. The standard probes (10X) sup- 
plied with the instrument satisfy most measurement require- 
ments. In addition to the listed optional probes, other probes 
are available for current and high-voltage measurements. See 
catalog accessory pages. 



COLLAPSIBLE VIEWING HOOD 

Permits viewing of trace under high ambient-light conditions. 
Order 016-0083-00 $8.00 




The Type 453 with the Tektronix C-30A. 



C-30A COMPACT CAMERA 

f/1.9 lens, magnification variable from 1.5:1 to 0.7:1, Polaroid 

Land* Pack-Film back for 3000-speed film, 

order C-30A-P $450 



PROBES 

P6010 6 ft 10X Probe Package, order 010-0185-00 .... $37.00 
P6011 3.5 ft IX Probe Package, order 01 0-01 93-00 . . . $19.00 




SCOPE-MOBILE® CART 

Type 200-1 occupies less than 18 inches aisle space, has 
storage space at base $85.00 

*Registered Trademark, Polaroid Corporation 

U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 
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TYPE 



454 

R454 




• 2. 4 -ns RISETIME WITH OR WITHOUT PROBE 

• HIGH-WRITING-SPEED CRT 

• DUAL-TRACE, 5-mV/DIV DEFLECTION FACTOR 

• FULL-BANDWIDTH TRIGGERING 

• CALIBRATED SWEEP DELAY 

• FULL-SENSITIVITY X-Y DISPLAYS 

• COMPACT, RUGGED CONSTRUCTION 

• SOLID-STATE DESIGN 

The Type 454 offers convenient measurement of fast-rise 
pulses and high-frequency signals previously beyond the capa- 
bility of most conventional real-time oscilloscopes. Risetime 
is 2.4 ns, bandwidth is 150 MHz, with or without probe. 

The two channels of the Type 454 provide cascaded single- 
trace displays at 1 mV/div, and also provide X-Y displays to 
5mV/div. The dual-trace vertical system displays either chan- 
nel separately, adds channels algebraically, alternates between 
channels, or chops between channels at a 1-MHz rate. 

A time-base system with calibrated sweep delay permits 
highly-magnified displays of small portions of undelayed 
sweeps, accurate measurement of waveform time jitter, pre- 
cise time measurements, and many other measurement uses. 

The Type 454 is mechanically designed to withstand environ- 
mental extremes and rough handling in transit. Plug-in tran- 
sistors provide ease of maintenance. 

Type R454 (the rackmount model) is electrically identical 
to Type 454, but is mechanically designed to mount on tilting 
slide-out tracks in a standard 19-in rack. 



CHARACTERISTIC SUMMARY 
VERTICAL 

(2 identical channels) 

BANDWIDTH & RISETIME 

lOV/div to 20 mV/div: DC to 150 MHz, 2.4 ns 

10 mV/div: DC to 100 MHz, 3.5 ns 
5 mV/div: DC to 60 MHz, 5.9 ns 

CALIBRATED DEFLECTION FACTORS— 5 mV/div to lOV/div, 

11 steps; 50 mV/div to lOOV/div with P6047 Probe. 

INPUT RC — 1 megohm paralleled by 20 pF. 

HORIZONTAL 

CALIBRATED TIME BASE— 0.05 /xs/div to 5s/div, 25 steps. 
TRIGGERING— DC to 150 MHz. 

XI 0 MAGNIFIER — Operates over full time base, increases 
fastest rate to 5ns/div. 

CALIBRATED SWEEP DELAY— 1 /xs to 50 s. 

X-Y OPERATION— 5 mV/div to lOV/div, DC to 2 MHz. 

CRT 

DISPLAY AREA — 6 x 10 div (0.8 cm/div), internal graticule. 

ACCELERATING VOLTAGE— 14 kV. 

PHOSPHOR— P31. 

OTHER 

AMPLITUDE AND TIME CALIBRATOR— 1 V, 5 mA; 1 kHz. 
PROBE POWER — 2 connectors for P6045 FET Probe power. 
POWER REQUIREMENTS— 90 to 136 V and 180 to 272 V in 
six ranges; range selection via quick-change switching device. 
48 to 440 Hz, approx 125 watts. 
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VERTICAL DEFLECTION SYSTEM 



(2 identical channels) 



BANDWIDTH* AND RISETIME 
(0°C to +40°C) 


FROM 50-a TERMINATED SOURCE 


DEFLECTION 

FACTOR** 


with or without 
P6047 PROBE 


WITH P6045 
FET PROBE 


WITH P6048 
10X PROBE 


lOV/div to 
20 mV/div 


150 MHz and 
2.4 ns 


130 MHz and 
2.7 ns 


100 MHz and 
3.5 ns 


10 mV/div 


100 MHz and 
3.5 ns 


95 MHz and 
3.7 ns 


75 MHz and 
4.7 ns 


5 mV/div 


60 MHz and 
5.9 ns 


58 MHz and 
6 ns 


45 MHz and 
7.8 ns 


1 mV/div 
Ch 1 & 2 
Cascaded 


33 MHz and 
11 ns 


33 MHz and 
1 1 ns 


30 MHz and 
12 ns 



^Measured at 3-dB down. Lower 3-dB point, AC coupled is less than 10 Hz 

(less than 1 Hz with P6047 10X Probe). 

**Oscilloscope only. Deflection factor with P6047 or P6048 Probe is 10X panel 

reading. 

PROBE DATA — P6047 10X Passive Probe (supplied with Type 
454): 10X attenuation, 10 megohms input resistance, and 10 
pF input capacitance. P6045 IX FET Active Probe (extra-cost 
option): IX attenuation, 10 megohms input resistance, and 
less than 5.5 pF input capacitance. P6048 10X Passive Probe 
(extra-cost option): 10X attenuation, 1 kn input resistance, and 
1 pF input capacitance. See catalog accessory page for ad- 
ditional data. 

PROBE POWER 

Two connectors provide correct operating voltages for two 
P6045 FET Probes. 

TRACE FINDER— 5-MHz BANDWIDTH SWITCH 

Down position compresses display to within graticule area 
for convenient trace location. Up position limits bandwidth 
of main vertical amplifier to between 4 and 6 MHz for noise 
and interference reduction at higher sensitivities. Center 
position provides normal operation. 

DEFLECTION FACTOR (2 identical channels) 

5mV/div to lOV/div in 11 calibrated steps (1-2-5 sequence), 
accurate within ± 3%. Continuously variable (uncalibrated) 
between steps and to approx 25 V/div. Warning lights indi- 
cate uncalibrated settings. 



ABERRATIONS 

(Measured from a 50-J2 terminated source) 


DEFLECTION 

FACTOR 


Aberrations occuring during the 50 ns fol- 
lowing the 50% amplitude point on a 
positive-going (noninverted) step, without 
probe, after a 20-minute warm-up at 20° C 
to 30° C ambient temperature. 


100 mV/div 


+7% or less, — 7% or less, total 7% or 
less P-P. 


50 and 20 mV/div 


+5% or less, —5% or less, total 5% or 
less P-P. 


10 mV/div 


+6% or less, —6% or less, total 6% or 
less P-P. 


5 mV/div 


+7% or less, — 7% or less, total 7% or 
less P-P. 



INPUT RC 

1 megohm ± 2%, paralleled by 20 pF ± 1 pF. 

MAXIMUM INPUT VOLTAGE 

600 V (DC + peak AC), 600 V (P-P AC) at 1 kHz or less. 



TYPE 



454 

R454 




OPERATING MODES 

Channel 1 only; Channel 2 only (normal or inverted); Added 
algebraically (common-mode rejection ratio at least 10:1 at 
50 MHz with 400 mV P-P of common-mode signal at 50 mV/ 
div); Alternate; Chopped at 1 MHz (± 20%). 

TIME DELAY BETWEEN CHANNELS 

0.25 ns or less. 

DELAY LINE 

Permits viewing leading edge of triggering waveform. 

SIGNAL OUTPUT 

Channel 1 vertical output: > 25 mV per division of Chan- 
nel 1 display (into 1 megohm); approx 30-Q output resistance; 
DC to > 33 MHz (3-dB down). 

INTERNAL TRIGGER SOURCE 

Normal (displayed signal) or Ch 1 signal only picked off 
ahead of channel switching. 

HORIZONTAL DEFLECTION SYSTEM 

TIME BASE A 

0.05 /xs/div to 5s/div in 25 calibrated steps (1-2-5 sequence). 
Continuously variable (uncalibrated) between steps and to 
approx 1 2.5 s/div. Warning light indicates uncalibrated set- 
ting. Sweep length continuously variable from < 4 div to 
11.0 div ± 0.5 div. 

TIME BASE B 

0.05 /xs/div to 0.5 s/div in 22 calibrated steps (1-2-5 sequence). 
Continuously variable (uncalibrated) between steps and to 
approx 1.25 s/div. Warning light indicates uncalibrated set- 
ting. 

X10 MAGNIFIER 



Operates over full time base, increases fastest rate to 5 ns/ 
div. 



TIME BASE A & B SWEEP ACCURACY (center 8 div) 


SWEEP TIME/DIV 


0°C to +40 °C 


— 15°C to +55°C 


Normal Maqnified 


Normal Maqnified 


0.05 jus 


±3% ±4% 


±4% ±6% 


0.1 as to 0.5 s 


±4% ±5% 


1 s to 5 s 


±5% ±6% 



HORIZONTAL-DISPLAY MODES 

Time Base A only, A Intensified During B, B (delayed sweep), 
and X-Y (switches Channel 1 to drive X axis). 



TIME BASE A SWEEP MODES 

Repetitive sweep with automatic triggering, repetitive sweep 
with normal triggering, or single sweep for photographic 
recording. Light indicates when sweep is triggered. 

TIME BASE B SWEEP MODES 

Time Base B triggerable after delay time, or Time Base B 
runs automatically at end of delay time. 
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TYPE 

R454 

X-Y OPERATION 

FULL-SENSITIVITY X-Y (CH 1 HORIZ, CH 2 VERT) 

5 mV/div to lOV/div in 11 calibrated steps (1-2-5 sequence), 
accurate within ±3%; no variable on Ch 1. X bandwidth 
is DC to > 2 MHz (3-dB down). Phase difference between 
amplifiers is < 3° from DC to 2 MHz. 

CALIBRATED SWEEP DELAY 

DELAY TIME RANGE 

1 /xs to 50 s, continuously variable with 10-turn, calibrated 
multiplier. 



JITTER 

< 1 part in 20,000 of maximum delay. 



DELAY ACCURACY 


TIME/DIV SETTING 


0°C to +40°C 


— 15°C to +55°C 


1 |U.s/div to 50 ms/div 


±1.5% 


±2% 


O.ls/div to 5 s/div 


±2.5% 


±3.5% 


Multiplier Incremental 
Linearity 


±0.2% 


±0.3% 



TRIGGERING 

MODES 

Automatic or Normal on Time Base A. Automatic operation 
useful between 20 Hz and 150 MHz, minimizes trigger ad- 
justments for signals of different amplitudes, shapes and 
repetition rates. With no input (or input less than 20 Hz), 
the automatic triggering free runs the sweep and provides 
a bright reference trace at all sweep rates. Normal trigger- 
ing only on Time Base B. With sweep delay. Time Base B 
can be set to run at end of delay period, or to be trigger- 
able at end of delay period. 

JITTER 

1 ns or less at 150 MHz. 

SIGNAL REQUIREMENTS, TIME BASE A & B 



INTERNAL 





COUPLING, TIME BASE A & B 

AC, DC, AC Low-Frequency Reject, or AC High-Frequency 
Reject. 

SOURCES, TIME BASE A & B 
Internal, External, External -f- 10, or Line. 500-V maximum 
input (DC + peak AC). Level adjustment through at least 
± 2 volts in External, through at least ± 20 volts in External 
- 5 - 10 . 

CONVENIENT SWITCH LOGIC 
Trigger switches are arranged with the up position provid- 
ing the most commonly used set of trigger functions: Auto- 
matic mode, + slope, AC coupling and Internal source. 

ENVIRONMENTAL CAPABILITIES 

(Oscilloscope and P6047 Probe) 

AMBIENT TEMPERATURE 

Operating: — 15°C to +55°C. Nonoperating: — 55°C to 
+75 °C. 

ALTITUDE 

Operating: To 15,000 feet; maximum allowable ambient 
temperature decreased by 1 °C/1000 feet from 5,000 to 15,000 
feet. Nonoperating: to 50,000 feet. 

VIBRATION 

Operating: 15 minutes along each of the three axes, 0.025 
inch peak-to-peak displacement (4 g’s at 55 c/s) 10 to 55 to 
10 c/s in 1 -minute cycles. 

SHOCK 

Operating and nonoperating: 30 g's, % sine, 11 -ms dura- 
tion, 2 shocks per axis in each direction for a total of 12 
shocks. 

ELECTROMAGNETIC INTERFERENCE (Type 454 MOD 163D 
and R454 MOD 163D only) 

Meets interference requirements of MIL-I-6181D and MIL-I- 
16910C, power line conducted: 150 kHz to 30 MHz, radiated 
(with mesh filter installed): 14 kHz to 1 GHz. 

HUMIDITY 

Non-operating: Meets electrical performance specifications 
after exposure to five cycles (120 hours) of Mil-Std-202C, 
Method 106B (omit freezing and vibration, and allow a post- 
test drying period at +25°C ±5°C and 20% to 80% rela- 
tive humidity). 



PHOTOGRAPHIC WRITING SPEED 

(without Film Fogging Techniques) 


Camera and Phosphor 


Minimum 

Photographic 

Writing 

Speed 


Camera 


Lens 


Object- 

to-image 

ratio 


Polaroid* 
film type 


CRT 

Phosphor 


C-31-R 


fl.2 


1:0.5 


410 

(10,000 

ASA) 


P31 


1600 div/jus 
(1280 cm / fjLs) 


Pll 


3200 div/jus 
(2560 cm//xs) 


C-30A 


fl.9 


1:0.7 


107 

(3,000 

ASA) 


P31 


182 div/jus 
(146 cm/ju,s 



*Registered Trademark, Polaroid Corporation 
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CRT 



TYPE 



454 

R454 



TEKTRONIX CRT 

4-in rectangular tube; 6 x 10 div display area, each div 
is 0.8 cm, horizontal and vertical centerlines further marked 
in 0.2-div increments. P31 phosphor normally supplied; PI, 
P2, P 7, or PI 1 are optional without extra charge. Consult your 
Field Engineer, Representative, or Distributor for application 
information and availability. 14-kV accelerating potential. 
Z-axis input DC coupled to CRT cathode; noticeable modula- 
tion at normal intensity with 5-V or more peak-to-peak signal; 
DC to 50 MHz usable frequency range; maximum input volt- 
age 200 V (DC plus peak AC), P-P AC 200 V or less, 1 kHz or 
less. 

GRATICULE 

Internal, no parallax; variable edge lighting. 

OTHER CHARACTERISTICS 

AMPLITUDE AND TIME CALIBRATOR 

1 V and 5 mA at external jacks; accurate within 1 % from 
0°C to +40°C, and within 1.5% from — 15°C to +55°C. 
1-kHz repetition rate accurate within 0.5% from 0°C to 
+40°C, and within 1% from — 15°C to +55°C. Risetime 
< 1 p s, duty cycle 49% to 51%, output resistance 250 n 
± 1 %. 

SIGNAL OUTPUTS 

Positive gates from both time bases (12.6 V ± 10%), and a 
positive-going sawtooth from Time Base A (10 V ± 10%). 

POWER REQUIREMENTS 

Quick-change line-voltage selector provides six ranges: 90 
to 110 V, 104 to 126 V, 112 to 136 V, 180 to 220 V, 208 to 
252 V, and 224 to 272 V. 48 to 440 Hz, 125 watts maximum 
at 115 V and 60 Hz. 



COOLING 

Filtered, forced-air ventilation. 

TYPE 454 DIMENSIONS AND WEIGHTS 



Height 


7% in 


18.4 cm 


Width 


12% in 


30.8 cm 


Depth (incl. panel cover) 


20% in 


52 cm 


Depth (handle extended) 


22% in 


56.8 cm 


Net weight (w/o panel cover) 


29% lb 


12.7 kg 


Net weight (with panel cover 


31% lb 


13.6 kg 


and accessories) 






Domestic shipping weight 


;=43 lb 


~18.7 kg 


Export-packed weight 


SS57 lb 


~24.8 kg 


TYPE R454 DIMENSIONS AND 


WEIGHTS 




Height 


7 in 


17.8 cm 


Width 


19 in 


48.3 cm 


Depth (behind front panel) 


17% in 


45 cm 


Net weight 


33% lb 


14.5 kg 


Domestic shipping weight 


~65 lb 


~28.2 kg 


Export-packed weight 


;=86 lb 


^37.4 kg 



INCLUDED STANDARD ACCESSORIES 

Two P6047 Probes with accessories (010-0211-00); 50-0 18-inch 
BNC cable (01 2-0076-00); BNC jack post (012-0092-00); 3 
to 2-wire power-cord adapter (1 03-001 3-00); CRT ornamental 
ring (354-0269-00); light filter, smoke-gray (378-057 6-00); mesh 
filter (installed) 378-0573-00; CRT faceplate protector (386- 
0218-00); two BNC binding-post adapters (1 03-0033-00); dust 
and rain cover (01 6-0074-01 ); two instruction manuals (070- 
0617-00); four fuses, assorted spares. 



TYPE 454 OSCILLOSCOPE $2700 

TYPE R454 OSCILLOSCOPE $2785 




Panel cover provides storage for standard accessories. 



CONVERSION KIT 

PORTABLE TO RACKMOUNT 

Includes hardware and instructions to convert existing Type 
454 Portable Oscilloscope for rackmount installation. 

Order 040-0446-01 $100 

TYPE 454 AND R454 MOD 163D 

Includes the features of the standard Type 454 and R454, 
and in addition meets electromagnetic interference require- 
ments of MIL-1 -61 81 D and MIL-1 -1 691 0C; Power line con- 
ducted: 150 kHz to 30 MHz; Radiated (with mesh filter in- 



stalled): 14 kHz to 1 GHz. 

TYPE 454 MOD 163D OSCILLOSCOPE $2800 

TYPE R454 MOD 163D OSCILLOSCOPE $2885 



OPTIONAL ACCESSORIES 

Optional accessories increase measurement capability and 
provide added convenience. The standard probes supplied 
with the instrument satisfy most measurement requirements; 
optional probes, including high-voltage and current-measuring 
probes, may be better suited for particular applications. See 
catalog accessory pages. 




The Type 454 with the Tektronix C-31-R. 

C-31-R HIGH-SPEED CAMERA 
f/1.2, 1:0.5 lens with Roll-Film back for 10,000 or 3000-speed 



film, order C-31-R $550 

C-30A COMPACT CAMERA 

f/1.9 lens, magnification variable from 1.5:1 to 0.7:1, 
Polaroid Land* Pack-Film back for 3000-speed film, order 
C-30A-P $450 

PROBES 

P6048 10X Probe Package, order 01 0-021 5-00 $ 55 

P6045 IX FET Probe Package, order 010-0204-00 $295 

SCOPE-MOBILE® CART 

200-1 is small and compact for easy maneuvering .... $ 85 

♦Registered Trademark, Polaroid Corporation 

U.S. Sales Prices FOB Beaverton, Oregon 



Please refer to Terms and Shipment, General Information page. 
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TYPE 



491 

R491 




• COMPACT, LIGHT WEIGHT 

• INTERNAL PHASE LOCK 

• CALIBRATED DISPERSION TO 1 00 MHz 

• COUPLED RESOLUTION 

• WIDE-RANGE TIME BASE 

• LOW POWER CONSUMPTION 

• ENVIRONMENTALIZED 

• SOLID-STATE DESIGN 

The Type 491 is a precision, wide-band spectrum analyzer 
designed for rugged environmental conditions and easy mobil- 
ity. It is an easy-to-carry package weighing less than 40 
pounds complete with accessories. The Type R491 is electrical- 
ly identical, requires only 7 inches of rack height. 

Operation is simple. Resolution and calibrated dispersion 
controls are coupled, providing narrow resolution bandwidth 
at narrow dispersion and wide resolution bandwidth at wide 
dispersion. Since dispersion is calibrated, frequency differences 
can be read directly from the CRT. Internal phase lock pro- 
vides stable displays even at 1 kHz/div dispersion. 

Both Type 491 and R491 are completely self contained, have 
oscilloscope-type time base and trigger circuits, 8xl0-div CRT 
with P7 phosphor and internal graticule. They operate over a 
wide range of AC voltages, require only 55 W, maximum. 



BAND 


FREQUENCY 


MINIMUM CW SENSITIVITY* 




RANGE 


1-kHz 

RESOLUTION 


100-kHz 

RESOLUTION 


1 


10 MHz to 
275 MHz 


> -100 dBm 


> — 80 dBm 


2 


275 MHz to 
900 MHz 


> — 110 dBm 


> —90 dBm 


3 


800 MHz to 
2000 MHz 


> -105 dBm 


> — 85 dBm 


4 


1 .5 GHz to 
4.0 GHz 


> —110 dBm 


> -90 dBm 


5 


3.8 GHz to 
8.2 GHz 


> -100 dBm 


> — 80 dBm 


6 


8.2 GHz to 
12.4 GHz 


> — 95 dBm 


> -75 dBm 


7 


12.4 GHz to 
18.0 GHz 


> -90 dBm 


> -70 dBm 


8 


18.0 GHz to 
40 GHz 


> — 80 dBm to 

26.5 GHz 

> — 70 dBm to 

40 GHz 


> — 60 dBm 

> — 50 dBm 



*Signal + noise = 2 X noise 
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TYPE 

R491 






DIAL ACCURACY 
± (2 MHz + 1 % of dial reading). 

CALIBRATED DISPERSION 

1 kHz/div to lOMHz/div in 1-2-5 sequence, 2 ranges (kHz/ 
div — MHz/div). Accuracy throughout full range of RF-center 
frequency control, within ±3% except at 2 MHz/div (±5%) 
and 1 MHz/div (±7%). Accuracy can be increased using 
internal 1-MHz crystal markers for calibration. Dispersion 
linearity within ±3%. Zero dispersion useful for PRF meas- 
urements. 

COUPLED RESOLUTION 

1 kHz to 100 kHz, coupled with calibrated dispersion posi- 
tions but separately switchable. 

DISPLAY FLATNESS 

Maximum amplitude variation over 100-MHz dispersions up to 
12.4 GHz is 3-dB or less, except over 50-MHz dispersion in 
Band 1. Above 12.4 GHz the maximum amplitude variation 
(100-MHz dispersion) is 6-dB or less. 

INCIDENTAL FM 

Less than 300 Hz at fundamental, with Phase Lock. 

FREQUENCY STABILITY 

kHz/div dispersion range— ±10 kHz throughout line voltage 
range after 1 minute; ±5kHz/°C. MHz/div dispersion 
range— ±200 kHz throughout line voltage range after 1 
minute; ±20kHz/°C. 

PHASE LOCK 

Internal 1-MHz reference. External input accepts 1-MHz to 
5-MHz signals from 1 V to 5 V peak to peak. 

INPUT IMPEDANCE 

Approx 50 0 for coaxial inputs. 

MAXIMUM INPUT POWER 

—30 dBm for linear operation, +15 dBm (25 mW) safe diode 
power limit. 

IF ATTENUATOR 

51 dB in 1-dB steps, ±0.1 dB/dB. 

IF GAIN CONTROL 

>50-dB range. 

IF CENTER FREQUENCY 

±25-MHz adjustment of center frequency from 5 MHz/div 
to 0.2 MHz/div dispersion positions, ±10-MHz adjustment at 
10 MHz/div, ±2.5-MHz adjustment from 500 kHz/div to 
1 kHz/div dispersion positions. 

VERTICAL DISPLAY (8 DIVISIONS) 

Log — >40-dB dynamic range. 

Linear — >26-dB dynamic range. 

Square Law — > 1 3-dB dynamic range. 

HORIZONTAL DEFLECTION 

INTERNAL SAWTOOTH GENERATOR 

lOjus/div to 0.5s/div in 15 calibrated steps (1-2-5 sequence). 
Uncalibrated continuously variable between steps and to 
approx 1 .25 s/div. 

TRIGGER SOURCE 

Internal, external, or line. 100-V maximum external input 
(DC + peak AC). 

TRIGGER REQUIREMENTS 

0.2-div deflection or 0.2-V external from 20 Hz to 100 kHz. 



Quality of photographs is greatly enhanced 
when relative brightness of signal and baseline 
can be controlled, as in upper waveform. Lower 
waveform taken under same conditions shows 
normal results of slow sweep time /div settings. 
Improvement is even more pronounced in some 
applications. Waveforms photographed with 
C-30A Camera. 



CRT AND DISPLAY FEATURES 



TEKTRONIX CRT 

8xl0-div display area (each div = 0.8 cm); P7 phosphor. 



GRATICULE 

Internal, no parallax, variable edge lighting. 



DISPLAY FEATURES 

Intensity, focus and astigmatism controls. Intensifier adjusts 
relative brightness of signal and baseline for convenient view- 
ing and photography. 
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TYPE 



491 

R491 




ENVIRONMENTAL CAPABILITIES 




ELECTROMAGNETIC INTERFERENCE 

Meets specifications of MIL-I-6181D over the following fre- 
quency ranges: Radiated (with CRT mesh filter installed) 

— 150 kHz to 1 GHz; conducted (power line) — 150 kHz to 
25 MHz. 

TEMPERATURE 

Operating: — 15° C to +55° C. 

Non-operating: — 55° C to +75° C. 

ALTITUDE 

Operating: 15,000 feet. 

Non-operating: 50,000 feet. 

HUMIDITY 

Non-operating: Meets electrical performance specifications 
after exposure to five cycles (120 hours) of Mil-Std-202C, 
Method 106B (omit freezing and vibration, and allow a 24- 
hour post-test drying period at +25° C and 20% to 80% 
relative humidity). 

VIBRATION 

Operating: 15 minutes along each of the three axes, 0.025 
inch peak to peak displacement (4 g's at 55 c/s) 10 to 55 to 
10 c/s in 1 -minute cycles. 

SHOCK 

Operating and non-operating: 30 g's, ’/ 2 sine, 11 -ms duration, 
1 shock per axis. 



POWER REQUIREMENTS 

90 to 136 VAC or 180 to 272 VAC, 48 to 440 Hz ; 55 watts 
maximum. Rear panel selector provides rapid accommoda- 
tion for six line-voltage ranges. 

REAR PANEL CONNECTORS 

BNC connectors for external trigger input, sawtooth output 
(70 to 90 mV P to P) and recorder output (>4 mV/div of dis- 
played signal in LIN mode, DC-coupled, approx 600-O source 
resistance). 



CABINET MODEL DIMENSIONS AND WEIGHTS 



Height 


7 3 /u in 


18.2 cm 


Width 


12 7 / )i4 in 


31 .6 cm 


Depth (inch panel cover) 


19’ Vu in 


50.0 cm 


Depth (with handle extended) 


21 9 /u in 


54.7 cm 


Net weight (w/o panel cover) 


30 lb 


13.6 kg 


Weight (with panel cover and 


38 lb 


17.3 kg 


accessories) 

Domestic shipping weight = 


550 lb 


~22.7 kg 


Export-packed weight = 


562 lb 


~28.2 kg 


RACK MODEL DIMENSIONS AND 


WEIGHTS 




Height 


7 in 


17.8 cm 


Width 


19 in 


48.3 cm 


Rack depth 


17% in 


44.4 cm 


Net weight 


41 lb 


18.6 kg 


Domestic shipping weight = 


572 lb 


=532.7 kg 



RACKMOUNTING 

Type R491 withdraws from rack on slide-out tracks, tilts for 
convenience. Further mounting information on catalog 
instrument dimension page. 
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TYPE 



491 

R491 




ACCESSORY STORAGE 

Included panel cover for Type 491 and drawer for Type R491 
hold all standard accessories except manuals and dust and 
rain cover. 

INCLUDED STANDARD ACCESSORIES 

6 ft BNC cable, 50 fi miniature coax (012-0113-00); 6 ft N 
cable, RG 223/U coax (012-0114-00); 2 ft TNC cable, RG 
223/U coax (012-0115-00); wave guide mixer, 12.4 to 18 GHz 
(1 19-0097-00); wave guide mixer, 18 to 26.5 GHz (1 19-0098-00); 
wave guide mixer, 26.5 to 40 GHz (119-0099-00); 10-dB atten- 
uator, Type N fittings (011-0085-00); 20-dB attenuator, Type 
N fittings (011-0086-00); 40-dB attenuator, Type N fittings (011- 
0087-00); two BNC male to N female adapters (1 03-0058-00); 
two BNC female to N male adapters (103-0045-00); wave 
guide mixer adapter (119-0104-00); power cord (161 -0024-01 ); 
oscilloscope dust and rain cover (016-0074-01); 3 to 2-wire 
adapter (1 03-001 3-00); blue light filter (378-0558-00); amber 
light filter (378-0559-00); clear CRT protector plate (386-01 1 8- 
00); ornamental ring (354-0248-00); mesh filter, installed (378- 
0571-00); two one-ampere fuses (159-0022-00); V 2 -ampere fuse 
(159-0025-00); front cover (200-0633-03); two instruction man- 
uals (070-0598-00). Type R491 includes all above accessories 
except the panel and oscilloscope cover, also includes moun- 



ting tracks and hardware. 

TYPE 491 SPECTRUM ANALYZER $4500 

TYPE R491 SPECTRUM ANALYZER $4600 



CONVERSION KITS 

PORTABLE TO RACK-MODEL 
Kit includes hardware and instructions to convert Type 491 
Analyzers for rack installations. 

Order 040-0444-00 $125 

RACK MODEL TO PORTABLE 

Kit includes cabinet, panel cover, oscillsocope cover, and 
instructions to convert Type R491 Analyzers for portable 
operation. 

Order 040-0445-00 $75 

OPTIONAL ACCESSORIES 




C-30A CAMERA 

f/1.9 lens; magnification variable from 1.5:1 to 0.7:1; Polaroid 
Land* Pack-Film back, order C-30A-P $450 

SCOPE-MOBILE® CART 




Model 200-1: friction locks hold Type 491 at 0° to 60° angle. 



Cart occupies <18 in of aisle space, goes up and down 
stairs easily, has storage space in base, order 200-1 . . $85.00 

PANEL COVER 

Included as a part of Type 491, protects front panel and 
holds standard accessories. Available separately for use with 
Type R491, order 200-0633-03 $20.00 

BNC THRU-PANEL ADAPTER 

Mounts in pre-punched holes in Type R491 panel, BNC con- 
nector on both sides, order 103-0070-00 $2.25 



Optional accessories provide added convenience to the 
Type 491 and R491. Cameras, Scope-Mobile® Carts and other 
major accessories are completely described in the catalog 
accessory pages. 

COLLAPSIBLE VIEWING HOOD 

Permits viewing of trace under high ambient-light conditions, 
order 016-0082-00 $8.00 



BNC CABLE 

Used in conjunction with above adapter, provides access to 
rear-panel connectors on Type R491. BNC-to-BNC 30-in 
cable, order 012-0117-00 $6.00 

^Registered Trademark, Polaroid Corporation 

U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 
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TYPE 

RM502A 

100 ij V/cm DUAL-BEAM OSCILLOSCOPES 










• 2 IDENTICAL VERTICAL AMPLIFIERS 

• COMMON HORIZONTAL DEFLECTION 

• DIFFERENTIAL INPUT AT ALL DEFLECTION 
FACTORS 

• X-Y CURVE TRACING WITH 1 OR 2 BEAMS 

• SINGLE SWEEP OPERATION 

• BEAM FINDERS 



A wide range of measurement capabilities make the Type 
502A and RM502A useful in a variety of applications including 
education, biology, defense, and production control. Differ- 
ential or single-ended inputs can be used for dual-beam or 
single-beam X-Y displays as well as dual-beam or single-beam 
time-based displays. With one of the vertical amplifiers switched 
to provide horizontal deflection, full sensitivity is available for 
both axes. Phase shift is less than 1 degree from DC to 100 
kHz. With the external horizontal amplifier switched to provide 
horizontal deflection, dual-beam X-Y plots can be displayed at 
full vertical sensitivity, and at 0.1 V/cm to 2V/cm horizontally. 



CHARACTERIS TIC SUMMARY 

VERTICAL 

BANDWIDTH — DC to 100 kHz at 100/W/cm, increasing to DC 
to 1 MHz from 5 mV/cm to 20 V/cm. 

CALIBRATED DEFLECTION FACTOR— 100 /tV/cm to 20 V/cm. 

INPUT RC — 1 megohm paralleled by approx 47 pF. 

COMMON-MODE REJECTION— At least 50,000:1 (DC to 50 
kHz). 

HORIZONTAL 

CALIBRATED TIME BASE — 1 /xs/cm to 5 s/cm. 

SWEEP MAGNIFIER— X2, X5, X10, X20. 

EXTERNAL INPUT— 0.1, 0.2, 0.5, 1 and 2 V/cm. 

CRT 

DISPLAY AREA — 8 x 10 cm (each beam). 

ACCELERATING VOLTAGE— 2.9 kV. 

PHOSPHOR— P2. 



OTHER 

AMPLITUDE CALIBRATOR— 0.5 mV to 50 V, 1-kHz square- 
wave. 

POWER REQUIREMENTS— 105 to 125 V or 210 to 250 V, 50 
to 60 Hz; 290 watts. 
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APPLICATIONS 



TYPE 



5 02A 

RM502A 



Here are just a few of the many possible uses for this 
versatile oscilloscope: 



1. Compare and measure the waveforms at two points in a 
circuit simultaneously. 

2. Display X-Y curves with one or both beams in a variety 
of applications. 

3. Plot one transducer output against another — pressure 
against volume or temperature, for instance. 

4. Use the differential-input feature for cancellation of com- 
mon-mode signals, and to eliminate the need for a com- 
mon terminal, in both single and dual displays. 

5. Measure phase angles and frequency differences. 



VERTICAL DEFLECTION 

Two identical systems 




BANDWIDTH 

DC to >100 kHz (3-db down) at 100/iV/cm, increasing to 
DC to >1 MHz (3-db down) from 5 mV/cm to 20V/cm. Low- 
frequency 3-dB-down point is <2 Hz with AC coupling, 
<0.2 Hz with included 10X probe. 

DEFLECTION FACTOR 

• 100/iV/cm to 20V/cm in 17 calibrated steps (1-2-5 sequence), 

accurate within 2% (3% at 100/iV/cm). Uncalibrated, con- 
tinuously variable between steps and to approx 50V/cm. 

INPUT RC 

1 megohm paralleled by approx 47 pF. 

MAXIMUM INPUT VOLTAGE (DC to 1 MHz) 

50V (combined DC + peak AC) from 100/iV/cm to 0.2 
V/cm. 350 V (combined DC + peak AC) from 0.5 V/cm to 
20 V/cm. 

COMMON-MODE DYNAMIC RANGE 

100/iV/cm to 0.2 V/cm — ±15 V. 

0.5 V/cm to 20 V/cm — ±350 V. 

COMMON-MODE REJECTION 

DC Coupled 

100 /iV to 2 mV/cm: >50,000:1 from DC to 50 kHz ; ±5-V 
signal. 

5 mV to 200 mV/cm: <y 2 -mm deflection from DC to 50 
kHz; ±5-V signal. 

500 mV to 20 V/cm: Adjustable to >500:1 from 1 kHz to 
50 kHz; adjustable to >5,000:1 from DC to 1 kHz; ±50-V 
signal. 

AC Coupled 
2,000:1 (60 Hz). 



HORIZONTAL DEFLECTION 

Common to both beams 

TIME BASE 

1 /is/cm to 5 s/cm in 21 calibrated steps (1-2-5 sequence), 
accurate within 3%. Uncalibrated, continuously variable 
between steps and to approx 12.5 s/cm. Warning light in- 
dicates uncalibrated setting. 

SWEEP MAGNIFIER 

X2, X5, XI 0, or X20 magnification; magnified time base accu- 
rate within 5%. 

DISPLAY MODES 

Normal or single sweep. 

EXTERNAL INPUT 

0.1 V/cm to 2 V/cm in 5 calibrated steps (1-2-5 sequence), 
accuracy within ±5%, DC to 100 kHz. 20 V maximum (DC 
+ peak AC). Input RC approx 1 megohm paralleled by 
approx 70 pF. 

X-Y OPERATION 

SINGLE-BEAM CURVE TRACING 

100/iV/cm to 20 V/cm calibrated deflection factor in each 
axis, differential or single-ended input. Panel light indicates 
upper beam amplifier switched to provide horizontal deflec- 
tion. X-Y phase difference between amplifiers is <1° from 
DC to 100 kHz, measured at 100/iV/cm. 

DUAL-BEAM CURVE TRACING 

100/tV/cm to 20 V/cm calibrated vertical deflection factor, 
separately selectable for upper and lower beams, differen- 
tial or single-ended input; 0.1 V/cm to 2 V/cm calibrated 
horizontal deflection factor using external horizontal input 
common to both beams. 



DC DRIFT 




Typically <400/iV/hour averaged over 10 hours, tempera- 
ture and line voltage constant. <300 /iV with line variation 
from 105 to 1 25 V AC. 



DIRECT-COUPLED SIGNAL OUTPUTS 

CF outputs for each amplifier at rear panel. Approx 2 V for 
each centimeter of displayed signal. 



TRIGGER 

MODES 

Automatic or manual level selection, free run (recurrent). Auto- 
matic operation minimizes trigger adjustment for signals of 
different amplitudes, shapes, and repetition rates. With no 
input, automatic triggering occurs at an approx 50-Hz rate, 
providing a convenient reference trace. 
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TYPE 

RM502A 

COUPLING 

AC or DC. 

SOURCES 

Internal from either amplifier, external, or line. Input R approx 
1 megohm. 

REQUIREMENTS 

INTERNAL 

DC: 2 mm, DC to 200 kHz, increasing to 1 cm at 1 MHz. 
AC: 2 mm, 50 Hz to 200 kHz, increasing to 1 cm at 1 MHz. 

EXTERNAL 

DC: 0.5 V to 10 V, DC to 200 kHz, increasing to 2 V to 10 V 
at 1 MHz. 

AC: 0.5 V to 10 V, 50 Hz to 200 kHz, increasing to 2 V to 
10 V at 1 MHz. 

CRT AND DISPLAY FEATURES 

TEKTRONIX DUAL-BEAM CRT 

8xl0-cm display per beam. Separate vertical-deflection 
plates; common horizontal deflection plates. 2.9-kV acceler- 
ating potential. P2 phosphor normally supplied; PI, P7, PI 1 
or P31 are optional without extra charge. Consult your Field 
Engineer, Representative, or Distributor for application infor- 
mation and availability. Z-axis input requires ±25 V peak to 
peak for beam modulation at normal intensity. 

GRATICULE 

External; variable edge lighting. lOxlO-cm display area. 
Vertical and horizontal centerlines marked in 2-mm divisions. 

DISPLAY FEATURES 

Pushbutton beam finder for each beam, separate focus for 
each beam, common intensity, intensity balance. 

OTHER CHARACTERISTICS 

AMPLITUDE CALIBRATOR 

0.5 mV to 50 V in 6 calibrated decade steps, accurate with- 
in 3%. 1-kHz ±30% repetition rate. 

POWER REQUIREMENT 

Wired for 105 to 125 VAC (117-V nominal). Transformer taps 
permit operation at nominal voltages of 110, 117, 124, 220, 
234 and 248 VAC, 50 to 60 Hz. Power consumption 290-W 



maximum. 

CABINET MODEL DIMENSIONS AND WEIGHTS 



Height 


15% in 


40.3 cm 


Width 


ll 3 / 8 in 


28.9 cm 


Depth 


23% in 


60.7 cm 


Net weight 


50% lb 


22.8 kg 


Domestic shipping weight 


±62 lb 


±28.2 kg 


Export-packed weight 


±84 lb 


±38.2 kg 


RACK MODEL DIMENSIONS 


AND WEIGHTS 




Height 


12% in 


31.1 cm 


Width 


19 in 


48.3 cm 


Rack depth 


22 3 / 4 in 


57.8 cm 


Net weight 


58 lb 


26.4 kg 


Domestic shipping weight 


± 97 lb 


±44.1 kg 


Export-packed weight 


±117 lb 


±53.2 kg 


Type RM502A can be withdrawn from rack 


on slide-out 


tracks, tilted and locked in 


4 positions. 






INCLUDED STANDARD ACCESSORIES 

Two P6006 1 OX probes (01 0-01 25-00), banana-to-banana cable 
(012-0031-00), two binding-post adapters (013-0004-00), 3 to 
2-wire adapter (103-0013-00), 3-conductor power cord (161- 
0010-03), smoke-gray light filter (378-0567-00); two instruction 
manuals (070-0382-02). Type RM502A includes in addition one 
pair mounting tracks (351-0085-00), and mounting hardware. 



TYPE 502A OSCILLOSCOPE $1150 

TYPE RM502A OSCILLOSCOPE $1250 



OPTIONAL ACCESSORIES 

Optional accessories increase measurement capability and 
provide added convenience. The standard 10X probes sup- 
plied with the oscilloscope, and the listed optional probes 
satisfy most measurement requirements. Other probes are avail- 
able for current and high-voltage measurements. See catalog 
accessory pages for additional information on these and other 
items. 

SCOPE-MOBILE® CART 

Model 202-1: storage drawer and 9-position tilt-lock oscillo- 



scope tray, order 202-1 $130 

Order tray adapter 040-0365-00 $2.75 

CAMERAS 

C-27-547: f/1.9— 1:0.7 lens, Polaroid Land 1 Pack-Film back 
provides lOxlO-cm coverage on 3%x4y 2 film. 

Order C-27-547 $450 

C-27G: f/1.9 — 1:0.85 lens, no back, provides lOxlO-cm cov- 
erage on 4 x 5 film with optional Graflok 2 back and Polaroid 
Land film holder $350 

Graflok back for 4x5 film holder (not included). 

Order 122-0604-00 $45 

Type 502A to C-27-547 or C-27G Camera adapter, order 
016-0225-02 $15 

PROBES 

P6023 10X Probe: for more-accurate differential measure- 
ments, order 010-0065-00 $47 

P6027 IX Probe, order 010-0070-00 $15 



1 Registered Trademark Polaroid Corporation 
‘ Registered Trademark Graflex, Inc. 



U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 
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TYPE 



503 

RM503 




• IDENTICAL VERTICAL & HORIZONTAL 
AMPLIFIERS 

• DIFFERENTIAL INPUT 

AT ALL DEFLECTION FACTORS 

• ELECTRONICALLY-REGULATED DC SUPPLIES 

• COMPACT CABINET OR RACK MODELS 



The Type 503 and RM503 provide accurate measurements and 
signal-handling versatility in DC-to-450 kHz applications. Dif- 
ferential or single-ended inputs can be used for X-Y displays or 
conventional time-based displays. Large display area, simple 
operation, and low cost make the Type 503 ideal for classroom 
and production-line uses. 

The Type RM503, for the same reasons, is ideal for inclusion in 
a variety of systems, or other monitor applications. 




CHARACTERISTIC SUMMARY 

VERTICAL & HORIZONTAL 

BANDWIDTH— DC to 450 kHz. 

CALIBRATED DEFLECTION FACTOR— 1 mV/cm to 20V/cm. 

INPUT RC — 1 megohm paralleled by approx 47 pF. 

COMMON-MODE REJECTION — 100:1 at 1 mV/cm deflection 
factor. DC to 50 kHz, 4 V P to P, max. 

SWEEP GENERATOR 

CALIBRATED TIME BASE — 1 fi s/cm to 5 s/cm. 

SWEEP MAGNIFIER— X2, X5, XI 0, X20, X50. 

CRT 

DISPLAY AREA— 8 x 10 cm. 

ACCELERATING VOLTAGE— 3 kV. 

PHOSPHOR— P2. 

OTHER 

AMPLITUDE CALIBRATOR — 5 mV and 0.5 V, approx 350 Hz 
squarewave. 

POWER REQUIREMENTS— 105 to 125 V or 210 to 250 V, 120 
watts, max. 
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TYPE 

RM503 

VERTICAL AND HORIZONTAL DEFLECTION 

Two identical systems 

BANDWIDTH 

DC to 450 kHz at 3-dB down. Low-frequency 3-dB point is 
<10 Hz with AC coupling. 

DEFLECTION FACTOR 

1 mV/cm to 20V/cm in 14 calibrated steps (1-2-5 sequence), 
accurate within 3%. Uncalibrated, continuously variable 
between steps and to at least 50V/cm. 

INPUT RC 

1 megohm paralleled by approx 47 pF. 

MAXIMUM INPUT VOLTAGE 
350 V combined DC + peak AC. 

COMMON-MODE REJECTION 

From DC to 50 kHz: >100:1 at calibrated deflection factors 
from 1 mV/cm to 0.2V/cm with 4-V peak to peak input, 
<30:1 at calibrated deflection factors from 0.5 V/cm to 20 
V/cm with 40-V peak to peak input (400-V peak to peak 
from 5 V/cm to 20 V/cm). 

PHASE DIFFERENCE IN X-Y MODE 

<1° to 450 kHz at equal calibrated deflection factors from 
1 mV/cm to 0.2 V/cm, <2° to 50 kHz at equal calibrated 
deflection factors from 0.5 V/cm to 20 V/cm. Same polarity 
inputs in both cases. 

HORIZONTAL DEFLECTION 

TIME BASE 

1 jtis/cm to 5 s/cm in 21 calibrated steps (1-2-5 sequence) 
accurate within 3%. Uncalibrated, continuously variable 
between steps and to at least 12 s/cm. 

MAGNIFIER 

X2, X5, XI 0, X20 or X50 magnification; magnified time base 
accurate within 5% up to 0.1 [is/ cm. 

TRIGGER 

MODES 

Automatic or manual level selection, free run. Automatic 
operation is useful from 50 Hz to 450 kHz, minimizes trigger 
adjustment for signals of different amplitudes, shapes, and 
repetition rates. With no input, automatic triggering occurs 
at an approx 50-Hz rate, providing a convenient reference 
trace. 

COUPLING 
AC or DC. 

SOURCES 

Internal, external or line. 

REQUIREMENTS 

y 2 -cm deflection from DC to 50 kHz, increasing to 2-cm deflec- 
tion at 450 kHz; '/ 2 V external from DC to 450 kHz. Require- 
ments increase below 50 Hz with AC coupling. Automatic 
operation requires 4/5-cm deflection from 50 Hz to 50 kHz, 
increasing to 2.5 cm at 450 kHz; '/ 2 V external from 50 Hz to 
450 kHz. 




CRT 

TEKTRONIX CRT 

3-kV accelerating potential. P2 phosphor normally supplied, 
PI, P7, PI 1 , or P31 are optional without extra charge. Consult 
your Field Engineer, Representative, or Distributor for applica- 
tion information and availability. Z-axis input requires ±10 V 
for CRT modulation at normal intensity. 
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GRATICULE 

External; variable edge lighting. 8 x 10-cm display area. 
Vertical and horizontal centerlines marked in 2-mm divisions. 



OTHER CHARACTERISTICS 



AMPLITUDE CALIBRATOR 

5-mV and 500-mV squarewaves, accurate within 3%. 350-Hz 
±50% repetition rate. 



POWER REQUIREMENTS 

Wired for 105 to 125 VAC (117-V nominal); transformer taps 
permit operation from 210 to 250 VAC (234-V nominal); 50 to 
60 Hz. Operates from 112 to 132 or 224 to 264 VAC at 400 
Hz, 120 to 140 or 240 to 280 VAC at 800 Hz. 120-W maxi- 
mum power consumption (125 V at 50 Hz). 




CABINET MODEL DIMENSIONS AND WEIGHTS 



Height 


14"/ u in 


37.3 cm 


Width 


9 3 / 4 in 


24.8 cm 


Depth 


21 5 /s in 


55.0 cm 


Net weight 


29% lb 


13.4 kg 


Domestic shipping weight 


±38 lb 


±17.3 kg 


Export-packed weight 


±51 lb 


±23.2 kg 


RACK MODEL DIMENSIONS AND 


WEIGHTS 




Height 


7 in 


17.8 cm 


Width 


19 in 


48.3 cm 


Rack depth 


17 in 


43.2 cm 


Net weight 


28 lb 


12.7 kg 


Domestic shipping weight 


±51 lb 


±23.2 kg 


Export-packed weight 


±72 lb 


±32.7 kg 



RACKMOUNTING 

Type RM503 mounts directly to standard 19-inch rack. MOD 
171 A provides slide-out tracks. Instrument can be conveniently 
withdrawn, tilted and locked in 7 positions. 



INCLUDED STANDARD ACCESSORIES 

Two A510 binding-post adapters (013-0004-00); 3 to 2-wire 
adapter (103-0013-00); smoke-gray filter (378-0567-00); two 
instruction manuals (070-0218-01). Type RM503 also includes 
mounting hardware; 3-conductor power cord (1 61 -0024-03); 
two instruction manuals (070-0314-01). 

TYPE 503 OSCILLOSCOPE $660 

TYPE RM503 OSCILLOSCOPE $675 

TYPE RM503 OSCILLOSCOPE, MOD 171 A $725 



U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 



TYPE 



504 

RM504 




• ELECTRONICALLY-REGULATED DC SUPPLIES 

• COMPACT CABINET OR RACK MODELS 



The Type 504 and RM504 provide accurate measurements in 
DC-to-450 kHz applications. Features include easy-to-use trig- 
gering 1-2-5 sequence on Vertical Sensitivity and Horizontal 
Time/cm switches, and Calibrator outputs. Large display area, 
simple operation, and low cost make the Type 504 ideal for 
classroom and production-line uses. 

The Type RM504, for the same reasons, is ideal for inclusion in 
a variety of systems, or other monitor applications. 



CHARACTERISTIC SUMMARY 

VERTICAL 

BANDWIDTH— DC to 450 kHz. 

CALIBRATED DEFLECTION FACTOR— 5 mV/cm to 20V/cm. 
INPUT RC — 1 megohm paralleled by approx 47 pF. 

HORIZONTAL 

CALIBRATED TIME BASE — 1 /us/cm to 0.5 s/cm. 

EXTERNAL INPUT— 0.5 V/cm, variable. 

CRT 

DISPLAY AREA— 8 x 10 cm. 

ACCELERATING VOLTAGE— 3 kV. 

PHOSPHOR— P2. 

OTHER 

AMPLITUDE CALIBRATOR— 25 mV and 0.5 V, approx 350-Hz 
squarewave. 

POWER REQUIREMENTS— 105 to 125V or 210 to 250V, 115 
watts, max. 
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504 

RM504 



VERTICAL DEFLECTION 

BANDWIDTH 

DC to 450 kHz at 3-dB down. Low-frequency 3-dB point is 
<10 Hz with AC coupling. Bandwidth constant at all deflec- 
tion factors. 

DEFLECTION FACTOR 

5 mV/cm to 20V/cm in 12 calibrated steps (1-2-5 sequence), 
accurate within 3%. Uncalibrated, continuously variable 
between steps and to at least 50V/cm. 

INPUT RC 

1 megohm paralleled by approx 47 pF. 

MAXIMUM INPUT VOLTAGE 
350 V combined DC + peak AC. 

HORIZONTAL DEFLECTION 

TIME BASE 

1 jus/cm to 0.5 s/cm in 18 calibrated steps (1-2-5 sequence) 
accurate within 3%. Uncalibrated, continuously variable 
between steps and to at least 1.2 s/cm. 

EXTERNAL INPUT 

0.5V/cm, variable. 

TRIGGER 

MODES 

Automatic or manual level selection, free run. Automatic 
operation is useful from 50 Hz to 450 kHz, minimizes trigger 
adjustment for signals of different amplitudes, shapes, and 
repetition rates. With no input, automatic triggering occurs 
at an approx 50-Hz rate, providing a convenient reference 
trace. 

COUPLING 
AC or DC. 

SOURCES 

Internal, external or line. 

REQUIREMENTS 

y 2 -cm deflection from DC to 50 kHz, increasing to 2-cm de- 
flection at 450 kHz; ’/ 2 V external from DC to 450 kHz. Re- 
quirements increase below 50 Hz with AC-coupling. Auto- 
matic operation requires 4/5-cm deflection from 50 Hz to 
50 kHz, increasing to 2.5 cm at 450 kHz; ’/ 2 V external from 
50 Hz to 450 kHz. 

CRT 

TEKTRONIX CRT 

3-kV accelerating potential. P2 phosphor normally supplied; 
PI, P7, PI 1 , or P31 are optional without extra charge. Consult 
your Field Engineer, Representative, or Distributor for applica- 
tion information and availability. Z-axis input requires ±10V 
for beam modulation at normal intensity. 

GRATICULE 

External; variable edge lighting. 8 x 10-cm display area. 
Vertical and horizontal centerlines marked in 2-mm divisions. 

OTHER CHARACTERISTICS 

AMPLITUDE CALIBRATOR 

25-mV and 500-mV squarewaves, accurate within 3%. 350 Hz 
±50% repetition rate. 

POWER REQUIREMENTS 

Wired for 105 to 125 VAC (117-V nominal); transformer taps 
permit operation from 210 to 250 VAC (234-V nominal); 50 to 
60 Hz. Operates from 112 to 132 or 224 to 264 VAC at 400 
Hz, 120 to 140 or 240 to 280 VAC at 800 Hz. 115-W maxi- 
mum power consumption (125 V at 50 Hz). 

CABINET MODEL DIMENSIONS AND WEIGHTS 
Height 14 n /i6 in 37.3 cm 

Width 9 3 / 4 in 24.8 cm 
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Depth 


21% in 


55.0 cm 


Net weight 


27% lb 


12.5 kg 


Domestic shipping weight 


~36 lb 


~16.4 kg 


Export-packed weight ~50 lb 

RACK MODEL DIMENSIONS AND WEIGHTS 


:=22.7 kg 


Height 


7 in 


17.8 cm 


Width 


19 in 


48.3 cm 


Rack depth 


17 in 


43.2 cm 


Net weight 


25% lb 


1 1 .6 kg 


Domestic shipping weight 


=;49 lb 


~22.3 kg 


Export-packed weight 


~69 lb 


~31 .4 kg 



RACKMOUNTING 

Type RM504 mounts directly to standard 19-inch rack. MOD 
171 A can be withdrawn from rack on slide-out tracks, tilted 
and locked in 7 positions. 

INCLUDED STANDARD ACCESSORIES 
A510 binding-post adapter (013-0004-00); 3 to 2-wire adapter 
(103-0013-00); smoke-gray filter (378-0567-00); two instruction 
manuals (070-0224-00). Type RM504 also includes mounting 
hardware; 3-conductor power cord (161-0024-03); two instruc- 



tion manuals (070-0315-00). 

TYPE 504 OSCILLOSCOPE $560 

TYPE RM504 OSCILLOSCOPE $570 

TYPE RM504 OSCILLOSCOPE, MOD 171 A $620 




OPTIONAL ACCESSORIES 

PROBES 

P6006 10X Probe Package, order 010-0125-00 $ 26 

P6007 100X Probe Package, order 010-0134-00 $ 26 

P6027 IX Probe Package, order 010-0070-00 $ 15 

SCOPE-MOBILE® CART 

Model 201-1: storage drawer and 9-position tilt-lock oscil- 
loscope tray, order 201-1 $130 

SLIDE-OUT TRACKS 

Convert standard Type RM504 to MOD 171 A, provide easy 
withdrawal and tilt of instrument, order 351-0050-00. . . .$45 
CAMERAS 

Standard C-12 provides no-parallax viewing, f/ 1.9-1:0.85 lens, 

Polaroid Land* Pack Film back, order C-12 $460 

Type 504 or RM504 to C-12 Camera adapter. 

Order 016-0226-01 ••••••• $ 15 

Standard C-27 has rotating and removable viewing hood 
allowing mounting on adjacent Type RM504 s, f/1. 9-1:0.85 

lens. Polaroid Land Pack Film back, order C-27 $430 

Type 504 or RM504 to C-27 Camera adapter. 

Order 016-0225-02 $ 15 

♦Registered Trademark, Polaroid Corporation 

U.S. Soles Prices FOB Beaverton, Oregon 



Please refer to Terms and Shipment, General Information page. 





TYPE 



515A 

RM15 




• 50-mV/cm DEFLECTION FACTOR 

• INTERNAL DELAY LINE 

• TWO INPUTS, SELECTABLE FROM THE FRONT PANEL 

• AMPLITUDE CALIBRATOR 



The Tektronix Type 51 5A is a DC-coupled general purpose 
cathode-ray oscilloscope combining reliable circuitry in an 
easy-to-use, compact instrument. Wide time-base range, broad 
bandwidth characteristics, and calibrated deflection factor 
make the Type 51 5A well suited for general-purpose laboratory 
work and production-line testing applications. 



CHARACTERISTIC SUMMARY 

VERTICAL 

BANDWIDTH— DC to 15 MHz. 

RISETIME— 24 ns. 

CALIBRATED DEFLECTION FACTOR— 50 mV/cm to 20V/cm. 
INPUT RC — 1 megohm paralleled by approx 36 pF. 

HORIZONTAL 

CALIBRATED TIME BASE— 0.2 , ( s/cm to 2 s/cm. 

X5 MAGNIFIER — Operates over full time base, increases fast- 
est rate to 40 ns/cm. 

EXTERNAL INPUT — 1.4V/cm to approx 25V/cm. DC to 500 
kHz at 1 .4 V/cm. 

CRT 

DISPLAY AREA— 6 x 10 cm. 

ACCELERATING VOLTAGE— 4 kV. 

PHOSPHOR— P31. 

OTHER 

AMPLITUDE CALIBRATOR— 50 mV to 100 V, approx 1-kHz 
squarewave. 

POWER REQUIREMENTS— 105 to 125 V or 210 to 250 V, 50 
to 60 Hz, approx 300 W. 
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515A 

TYPE — — 

RM15 






VERTICAL DEFLECTION 

BANDWIDTH 

DC to 15 MHz at 3-dB down. Low-frequency 3-dB-down 
point is approx 2 Hz with AC coupling, approx 0.2 Hz with 
included 10X probe. 

RISETIME 

24 ns. 

DEFLECTION FACTOR 

50mV/cm to 20V/cm in 9 calibrated steps, 1-2-5 sequence. 
All steps accurate within 3%. Uncalibrated, continuously 
variable between steps and to approx 50V/cm. Warning 
light indicates uncalibrated setting. 

INPUT RC 

1 megohm paralleled by approx 36 pF. 

MAXIMUM INPUT VOLTAGE 

600 V combined DC and peak AC. 

SIGNAL INPUTS 

Two manually-selected signal inputs with approx 60-dB iso- 
lation. 

DELAY LINE 

Permits viewing of leading edge of triggering waveform. 

HORIZONTAL DEFLECTION 

TIME BASE 

0.2 ju,s/cm to 2 s/cm in 22 calibrated steps (1-2-5 sequence), 
accurate within 3%. Uncalibrated, continuously variable 
between steps and to approx 5 s/cm. Warning light indicates 
uncalibrated setting. 

X5 MAGNIFIER 

Operates over full time base, increases fastest rate to 40 
ns/cm. Accuracy of magnified time base is within 5%. A 
neon light indicates when the magnifier is in use. 

EXTERNAL INPUT 

Variable between approx 1.4V/cm to 25V/cm. DC to 500 
kHz at 1.4V/cm (3-dB-down). 

OTHER 

Gate output: positive-going rectangular pulse with same 

duration as time base; approx 20-V amplitude. 

Sawtooth output: positive-going ramp with same duration 
as time base; approx 150-V amplitude. 




REQUIREMENTS 

AC coupling requires 2-mm deflection (internal) or 0.5 V 
external at 1 kHz, increasing to 5-mm deflection or 1.5 V 
external at 2 MHz; low-frequency response is 3-dB down at 
approximately 16 Hz. DC coupling requires 5-mm deflection 
(internal) or 0.5 V external from DC to 1 kHz, increasing to 
2-cm deflection or 1 .5 V external at 2 MHz. Automatic trig- 
gering requires 5-mm deflection (internal) or 1 V external 
from 50 Hz to 1 kHz, increasing to 1-cm deflection or 3 V 
external at 2 MHz. HF sync requires 2-cm deflection or 2 V 
external at 20 MHz. 




OTHER CHARACTERISTICS 

AMPLITUDE CALIBRATOR 

Approx 1-kHz squarewave; 50 mV to 100 V peak to peak 
in 11 steps (1-2-5 sequence); accurate within 3%. 

TEKTRONIX CRT 

Round, 5-inch, flat-faced tube with helical post-accelerating 
anode. 4-kV accelerating potential. Edge-lighted graticule 
is scaled with 6 vertical and 10 horizontal centimeter divi- 
sions. P31 phosphor normally supplied; PI, P2, P7, or Pll are 
optional without extra charge. Consult your Field Engineer, 
Representative, or Distributor for application information and 
availability. Z-axis input (51 5A only): AC-coupled to CRT 
cathode: 15 nF, 27 kO. Positive signal of 5 V will provide 
adequate blanking of trace at moderate intensity setting. 
Maximum recommended drive is ±20 V. 



TRIGGER 

MODES 

Manual level selection; Automatic; Preset Stability; HF SYNC. 
Automatic triggering may be used for signal repetition rates 
between approx 50 Hz to 2 MHz, eliminating the need for 
re-adjusting TRIGGERING LEVEL while sequentially viewing 
signals of different amplitudes, shapes, and repetition rates. 
With no input, automatic triggering occurs at an approx 
50-Hz rate, providing a convenient reference trace. HF 
SYNC assures a steady display of sinewave signals up to 
approx 20 MHz. 

COUPLING 
DC or AC. 

SOURCES 

Internal; External; or Line. 
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DIMENSIONS AND WEIGHTS 



Height 


14Vu in 


35.7 cm 


Width 


9 3 /* in 


24.8 cm 


Depth 


21 13 /i6 in 


55.4 cm 


Net weight 


42 lb 


19.1 kg 


Domestic shipping weight 


~51 lb 


~23.2 kg 


Export-packed weight 


~64 lb 


~29 kg 


POWER REQUIREMENTS 


105 V to 125 V or 210 V 


to 250 V, 50 to 60 Hz, 


wired for 



117 V center. Instrument can be ordered wired for opera- 
tion on any line voltage listed below. Power consumption 
is approx 300 watts. 



Changing taps insures regulation as follows: 



110 


99 to 117 volts 


220 


198 to 235 volts 


117 


105 to 125 volts 


234 


210 


to 250 volts 


124 


111 to 132 volts 


248 


223 


to 265 volts 




L 





INCLUDED STANDARD ACCESSORIES 

P6006 10X probe package (010-0127-00); 3 to 2-wire adapter 
(1 03-001 3-00); 3-conductor power cord (161-0010-03); smoke 
gray filter (378-0567-00); patch cord, BNC-to-BNC, 18 inch 
(012-0087-00); patch cord, BNC-to-banana plug, 18 inch (012- 
0091-00); post jack, BNC (012-0092-00); two instruction manuals 
(070-0247-01). 

TYPE 515A OSCILLOSCOPE $950 

RACK-MOUNT OSCILLOSCOPE 

The Type RM15 is a mechanically rearranged Type 51 5A 
Oscilloscope. It mounts in a standard 19-inch rack on slide- 
out tracks. It can be pulled forward, tilted, and locked in 
any of seven positions for servicing convenience. Except for 
no Z-axis input, electrical characteristics of Type RM15 are 
the same as described for Type 51 5A Oscilloscope. 



DIMENSIONS AND WEIGHTS 



Height 


8 3 /, in 


22.2 cm 


Width 


19 in 


48.2 cm 


Depth 


22»/„ in 


57.8 cm 


Net weight 


42 lb 


19.1 kg 


Domestic shipping weight 


~76 lb 


—34.6 kg 


Export-packed weight 


—96 lb 


—43.6 kg 



INCLUDED STANDARD ACCESSORIES 

Type RM15 includes accessories listed for Type 51 5A plus 
one pair mounting tracks (351-0085-00). Part number for 
two included instruction manuals is (070-0242-00). 

TYPE RM15 OSCILLOSCOPE $1025 

OPTIONAL ACCESSORIES 

Optional accessories serve to extend the usefulness of the 
Type 51 5A and Type RM15 in certain applications. This list- 
ing covers only the more commonly used items. The standard 
probe (10X) supplied with the instrument satisfies most measure- 
ment requirements; optional probes may be better suited for 
particular applications. In addition to the listed optional probes, 
other probes are available for current and high-voltage meas- 
urements. A complete list of accessory items can be found in 
the catalog accessory pages. 



TYPE 



S15A 

RM15 



CRADLE ASSEMBLY 

When the Type RM15 is used in a backless rack, these sup- 
porting cradles are necessary for rear slide support. 

Order 040-0344-00 $ 9.00 

SCOPE-MOBILE® CART 

Type 201-1 Scope-Mobile® Cart features tilt locking in any 
of nine positions for convenience in viewing Type 51 5A. 
5-inch rubber wheels permit easy transport between loca- 
tions. Order Type 201-1 $130.00 

DUST COVER 

Provides protection for Type 51 5A during transport or stor- 
age. Made of waterproof blue vinyl with a clear frontal 
area for easy identification of the instrument. 

Order 016-0067-00 $ 7.50 

POLARIZED VIEWER 

The polarized viewer reduces troublesome reflections and 
glare under high ambient-light conditions. Order 016-0053-00 
$ 12.00 

VIEWING HOOD 

Includes molded rubber eyepiece and separate tubular light 
shield. Order 016-0001-01 $ 6.00 

CAMERAS 

Standard C-12 provides no-parallax viewing, f/1 .9-1 -.0.85 lens, 

Polaroid Land* Pack Film back, order C-12 $460.00 

Type 515 or RM15 to C-12 Camera adapter. 

Order 016-0226-01 $ 15.00 

Standard C-27 has rotating and removable viewing hood 

allowing mounting on adjacent Type RM15's, f/1. 9-1:0.85 

lens, Polaroid Land Pack Film back, order C-27 $430.00 

Type 515 or RM15 to C-27 Camera adapter. 

Order 016-0225-02 $ 15.00 

PROBES 

P6007 100X Probe Package, order 010-0150-00 $ 26.00 

P6028 IX Probe Package, order 010-0074-00 $ 15.00 

^Registered Trademark, Polaroid Corporation 

U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 
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o 



TYPE 516 




DC-to-15 MHz DUAL-TRACE OSCILLOSCOPE 




• 50-mV/cm DEFLECTION FACTOR 

• 2 IDENTICAL INPUT CHANNELS 

• CHOPPED OR ALTERNATE SWITCHING 

• AMPLITUDE CALIBRATOR 



The Type 516 is a dual-trace, semi-portable instrument 
ideally suited to bench work applications. Vertical calibrated 
deflection factor is 0.05 V/cm for each channel, with four 
operating modes. The Type 516 provides small size and light 
weight combined with simple operation and reliable perform- 
ance making it suitable for many laboratory and field applica- 
tions. 



CHARACTERISTIC SUMMARY 

VERTICAL 

(2 Identical Channels) 

BANDWIDTH— DC to 15 MHz. 

RISETIME— 24 ns. 

CALIBRATED DEFLECTION FACTOR— 50 mV/cm to 20 V/cm. 
INPUT RC — 1 megohm paralleled by approx 20 pF. 

HORIZONTAL 

CALIBRATED TIME BASE— 0.2 /cs/cm to 2 s/cm. 

X5 MAGNIFIER — Operates over full time base, increases fast- 
est rate to 40 ns/cm. 

EXTERNAL INPUT — 1.5 V/cm to approx 25 V/cm. DC to 500 
kHz at 1.5 V/cm. 

CRT 

DISPLAY AREA— 6 x 10 cm. 

ACCELERATING VOLTAGE— 4 kV. 

PHOSPHOR— P31. 

OTHER 

AMPLITUDE CALIBRATOR— 50 mV to 100 V, approx 1-kHz 
squarewave. 

POWER REQUIREMENTS— 105 to 125V or 210 to 250V, 50 
to 60 Hz, approx 300 W. 







66 



VERTICAL DEFLECTION 

(2 Identical Channels) 



TYPE 516 



BANDWIDTH 

DC to 15 MHz at 3-dB down. Low-frequency 3-dB-down point 
is approx 2 Hz with AC coupling, approx 0.2 Hz with included 
10X probe. 

RISETIME 

24 ns. 

DEFLECTION FACTOR 

50 mV/cm to 20V/cm in 9 calibrated steps, 1-2-5 sequence. 
All steps accurate within 3%. Uncalibrated, continuously 
variable between steps and to approx 50V/cm. Warning 
light indicates uncalibrated setting. 

INPUT RC 

1 megohm paralleled by approx 20 pF. 

MAXIMUM INPUT VOLTAGE 
600 V combined DC and peak AC. 

OPERATING MODES 

Channel A only; Channel B only; Alternate; Chopped; 3.3-fis 
segments of each channel are displayed (chopping rate 
150 kHz). Chopped transient blanking is provided. Polarity; 
either channel may be operated as normal or inverted. 

SIGNAL DELAY 

Permits viewing the leading edge of waveform. 

HORIZONTAL DEFLECTION 

TIME BASE 

0.2/xs/cm to 2 s/cm in 22 calibrated steps (1-2-5 sequence), 
accurate within 3%. Uncalibrated, continuously variable 
between steps and to approx 6 s/cm. Warning light indicates 
uncalibrated setting. 

X5 MAGNIFIER 

Operates over full time base, increases fastest rate to 40 
ns/cm. Accuracy of magnified time base is within 5%. A 
neon light indicates when the magnifier is in use. 

EXTERNAL INPUT 

Variable between approx 1.5V/cm to 25V/cm. DC to 500 
kHz at 1.5V/cm (3-dB-down). 

OTHER 

Gate output: positive-going rectangular pulse with same 

duration as time base; approx 25-V amplitude. 

Sawtooth output: positive-going ramp with same duration 
as time base; approx 150-V amplitude. 

TRIGGER 

MODES 

Manual level selection; Automatic; Preset Stability; HF SYNC. 
Automatic triggering may be used for signal repetition rates 
between approx 60 Hz to 2 MHz, eliminating the need for 
readjusting TRIGGERING LEVEL while sequentially viewing 
signals of different amplitudes, shapes, and repetition rates. 
With no input, automatic triggering occurs at an approx 
50-Hz rate, providing a convenient reference trace. HF SYNC 
assures a steady display of sinewaves to approx 20 MHz. 
COUPLING 

AC, DC, or AC LF reject. 

SOURCES 

Internal; External; or Line. 

REQUIREMENTS 

AC coupling requires 2-mm deflection (internal) or 0.5 V 
external at 1 kHz, increasing to 5-mm deflection or 1.5 V 
external at 2 MHz; low-frequency response is 3-dB down at 
approximately 16 Hz. AC low-frequency reject attenuates fre- 
quencies below 16 kHz. DC coupling requires 5-mm deflection 
(internal) or 0.5 V external from DC to 1 kHz, increasing to 
2-cm deflection or 1 .5 V external at 2 MHz. Automatic trig- 
gering requires 5-mm deflection (internal) or 1 V external 
from 50 Hz to 1 kHz, increasing to 1-cm deflection or 3 V 



external at 2 MHz. HF sync requires 2-cm deflection or 2 V 
external at 20 MHz. 

OTHER CHARACTERISTICS 

AMPLITUDE CALIBRATOR 

Approx 1-kHz squarewave; 50 mV to 100 V peak to peak 
in 11 steps (1-2-5 sequence); accurate within 3%. 

TEKTRONIX CRT 

Round, 5-inch, flat-faced tube with helical post-accelerating 
anode. 4-kV accelerating potential. Edge-lighted graticule 
is scaled with 6 vertical and 10 horizontal centimeter divi- 
sions. P31 phosphor normally supplied; PI, P2, P7, or Pll are 
optional without extra charge. Consult your Field Engineer, 
Representative, or Distributor for application information and 
availability. A rear panel switch provides blanking voltage to 
eliminate switching transients when operating in the chopped 
mode. External terminal permits Z-axis modulation AC coupled 
to the cathode. 



DIMENSIONS AND WEIGHTS 



Height 


14V, 6 in 


35.7 cm 


Width 


9% in 


24.8 cm 


Depth 


21 13 /u in 


55.4 cm 


Net weight 


43 V 2 lb 


19.8 kg 


Domestic shipping weight 


~53 lb 


PS24.1 kg 


Export-packed weight 


~66 lb 


s;30 kg 


POWER REQUIREMENTS 

105 V to 125 V or 210 V to 250 V, 50 to 60 Hz, 


wired for 


117 V center. Power consumption 


is approx 300 


watts. 


Changing taps insures regulation 


as follows: 




110 99 to 117 volts 


220 198 to 235 volts 


117 105 to 125 volts 


234 210 to 250 volts 


124 111 to 132 volts 


248 223 to 265 volts 



INCLUDED STANDARD ACCESSORIES 

Two P6006 probe packages (010-0127-00); 3 to 2-wire adapter 
(103-0013-00); 3-conductor power cord (161-0010-03); Smoke- 
gray filter (378-0567-00); Patch cord, BNC-to-BNC, 18 inch 
(01 2-0087-00); Patch cord, BNC-to-banana plug, 18 inch (012- 
0091-00); Post jack, BNC (012-0092-00); two instruction manu- 
als (070-0225-00). 

TYPE 516 OSCILLOSCOPE $1150 

OPTIONAL ACCESSORIES 

Optional accessories extend the usefulness of the Type 516 in 
certain applications. The standard 10X probes supplied with the 
instrument satisfy most measurement requirements. Listed optional 
probes may be better suited for particular applications. Other 
probes are available for current and high-voltage measurements. 
A complete list of accessory items can be found in the catalog 
accessory pages. 

RACKMOUNT ADAPTER 

Consists of a cradle to support the Type 516 in any standard 
19-inch relay rack, and a mask to fit around the regular instru- 
ment panel. Rack height requirement is 15% inches, order 



040-0277-00 $ 31 

SCOPE-MOBILE® CART 

Model 201-1: tilt locking in any of nine positions for conveni- 
ence in viewing Type 516. 5-inch rubber wheels permit easy 

transport between locations, order 201-1 $130 

C-l 2 CAMERA 

f/1.9, 1:0.85 lens; Polaroid Land* Pack-Film Back. Beam-split- 
ting mirror provides on-axis binocular view of the CRT dis- 
play, eliminating parallax, order C-l 2 $460 

C-l 2 Camera adapter, order 016-0226-01 $ 15 

PROBES 

P6007 100X Probe Package,, order 010-0150-00 $ 26 

P6028 IX Probe Package, order 010-0074-00 $ 15 

*Registered Trademark, Polaroid Corporation 

U.S. Sales Prices FOB Beaverton, Oregon 



Please refer to Terms and Shipment, General Information page. 
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TYPE 519 




• SINGLE-SHOT PHOTOGRAPHS AT 2 NS/CM 

• 0.004-INCH SPOT SIZE 

• SENSITIVE WIDEBAND TRIGGER SYSTEM 

• SYNCHRONIZATION TO OVER 1 GIGAHERTZ 

• VSWR, 1.25, OR LESS, TO 1 GIGAHERTZ 

• DISTRIBUTED-DEFLECTION CRT 

• BUILT-IN DELAY LINE 

The Tektronix Type 519 Oscilloscope is a calibrated, high- 
speed, laboratory instrument designed for observation, meas- 
urement, and photographic recording of fractional nanosecond 
risetimes. A 2 x 6 cm viewing area, coupled with 24-kV accel- 
erating potential, affords bright displays with excellent resolu- 
tion. Performance features include: bandwidth from DC to 

beyond 1 gigahertz, risetime less than 0.35 ns, deflection fac- 
tor <10V/cm, linear sweeps to 2 ns/cm, sweep delay through 
35 ns, and a wideband trigger system. The single unit houses 
a fixed signal delay line, a convenient sweep-delay control, 
a pulse-rate generator, a standard amplitude and waveshape 
generator, and regulated power supplies and high-voltage 
supply. Only one connection is necessary for normal opera- 
tion — a connection of the signal from the device under test. 

Combining simple operation with laboratory precision and 
reliability, the Type 519 ideally suits single-shot or random 
nuclear events. In addition, the bandwidth permits applications 
to general measurements where oscilloscope risetime must be 
less than signal risetime. 



CHARACTERISTIC SUMMARY 

VERTICAL 

BANDWIDTH— DC to 1 GHz. 

RISETIME— less than 0.35 ns. 

DEFLECTION FACTOR— <10 V/cm. 

INPUT IMPEDANCE— 125 n ±2%. 

HORIZONTAL 

CALIBRATED TIME BASE— 2 to 1000 ns/cm. 

SWEEP DELAY— 0 to 35 ns. 

CRT 

DISPLAY AREA— 2x6 cm. 

ACCELERATING VOLTAGE— 24 kV. 

PHOSPHOR— Pll. 

OTHER 

CALIBRATION-STEP GENERATOR— 0 to 10 V into 125 fi or 
0 to 1 V into 50 D, calibrated and continuously variable. 
(0.1 ns risetime, approx.) Approximately 750-Hz repetition 
rate. 

POWER REQUIREMENTS— 105 to 125 V or 210 to 250 V, 
approx 650 watts. 
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TYPE 519 



VERTICAL DEFLECTION 

BANDWIDTH 

DC to 1 GHz at 3-dB down. 

RISETIME 

Less than 0.35 ns. 

DEFLECTION FACTOR 
<10 V/cm. 

INPUT IMPEDANCE 

125 0 ±2%. 

MAXIMUM INPUT SIGNAL 

±15VDC or 15 V RMS, or ±100-V pulse. Maximum power 
input is 1.8 watts. 

SIGNAL DELAY 

45 ns approx. Permits viewing of leading edge of triggering 
waveform. 

HORIZONTAL DEFLECTION 

TIME BASE 

2 ns/cm to 1000 ns/cm in 9 calibrated steps (1-2-5 sequence), 
accurate within 3%. 

SWEEP DELAY 
Sweep start delayed 0 — 35 ns. 

SINGLE SWEEP 

After a single sweep is generated, the sweep circuit is 
locked out until the RESET button is pressed then sweep fires 
on next trigger. An external jack is provided for remote 
control of single sweep operation. 

SYNCHROSCOPE OPERATION 

The output signal from either the -f TRIGGER 50 Q, the 
DELAYED -f-GATE 50 0, or the -(-RATE 50-0 connector can 
be used to control an external device. 

RATE GENERATOR 

Output pulse approx 15 V, risetime < 0.8 ns, duration 
approx 10 ns. Repetition rate variable between 3 Hz and 
30 kHz. 

TRIGGER 

MODES 

Pulse — Permits choice of a free-running sweep or a stable 
sweep which can be triggered on random or uniform repe- 
tition rates up to approx 50 MHz. 

Sync — Permits stable displays of signals occurring at a con- 
stant repetition rate to over 100 MHz. 

HF Sync — Permits the sweep to be synchronized with signals 
from approx 100 MHz to over 1 GHz. 



SOURCES 

Internal, external, calibration-step generator, or rate gen- 
erator. 

REQUIREMENTS 

Two trace widths vertical deflection and 1 ns or greater dura- 
tion (Internal) or 20 mV or greater amplitude and 1 ns or 
greater duration (External). Sweep triggers on either the 
positive or negative slope of the triggering signal. 

TRIGGER GAIN 

Four gain settings of X0.2, NORMAL, X5, and X20 provide 
for attenuation or amplification of trigger signals. 

MISCELLANEOUS 

CALIBRATION STEP GENERATOR 

A step-waveform of approximately 750-Hz repetition rate, 
with amplitude continuously variable and calibrated from 
0 to 10 V into 1 25 0, or 0 to IV into 50Q (through a 
T50/T125 adapter) is available at a front-panel 125-0 con- 
nector. Risetime is approximately 0.1 ns and either polarity 
can be selected. Continously variable uncalibrated ampli- 
tudes of 0 to 50 V into 125 0 are also available. 

CATHODE-RAY TUBE 

5-inch round, flat-faced tube. 24-kV accelerating potential. 
Spot diameter at normal intensity 0.004 inch. Maximum 
x-ray radiation at a distance of two inches from the face- 
plate does not exceed 0.7 millirems per hour (human limit is 
2.5 millirems per hour). At normal viewing distances, x-ray 
radiation is essentially zero. Supplied with Pll phosphor. 

GRATICULE 

Edge-lighted, 2-cm by 6-cm divisions. The horizontal center 
line markings are 5 mm apart and the vertical center line 
markings are 2 mm apart. Illumination is controlled by a 
front-panel knob. The graticule can be dropped out of view 
if desired. 

CAMERA MOUNTING 

A special camera-mounting adapter with swing-away hinging 
easily accepts a Tektronix C-27-662R Camera. Please refer 
to the Camera Section for complete description. 

POWER REQUIREMENTS 

105 V to 125 V or 210 V to 250 V, 50 to 60 Hz, typically 
650 watts. Factory wired for 105 V to 125 V. May be ordered 
wired for 210-V to 250-V operation. 



SINGLE-SHOT PHOTOGRAPHY 

A single-shot exposure using a Type C-27-662R Camera was 
used to take the picture at the right. The display shows a 
~l-GHz damped wave at 2 ns/cm. The waveform was enlarged 
2 times to represent the actual size of the CRT display. 
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TYPE 519 



DIMENSIONS AND WEIGHTS 



Height 


22 y 4 in 


56.5 cm 


Width 


14% in 


37.2 cm 


Depth 


25% in 


64.1 cm 


Net weight 


97 lb 


44.1 kg 


Domestic shipping weight 


~130 lb 


~59 kg 


Export-packed weight 


^169 lb 


~77 kg 



INCLUDED STANDARD ACCESSORIES 

Viewing hood (016-0001-01); two 125-0 terminations (017- 
0051-00); two 125-0 insertion units (017-0013-00); 125-0 cou- 
pling capacitor (017-0018-00); 125 0 1-GHz timing standard 
(01 7-001 9-00); Double-button contact assembly (017-0032-00); 
Panel adapter assembly (017-0033-00); Cable connector (01 7- 
0035-00); 125-0 min loss attenuator, T50/T125 (017-0052-00); 
125-0 adapter N50/N125 (017-0053-00); 125-0 adapter, T50/ 
N125 (017-0055-00); Delay-line equalizer (01 7-0057-00); 1-ns 
cable (017-0507-00); 2-ns cable (017-0508-00); 5-ns cable (017- 
0509-00); 10-ns cable (017-0510-00); 3 to 2-wire adapter (103- 
0013-00); Phone jack plug (134-0069-00); 3-conductor power 
cord (161-0010-03); Walnut box (202-0083-00); Two reed 
switches (260-0693-00); Accessory box tray (436-0030-00); Two 
instruction manuals (070-0243-00). 

TYPE 519 OSCILLOSCOPE $4300 



OPTIONAL ACCESSORIES 

Optional accessories serve to extend the usefulness of the 
Type 519 in certain applications. This listing covers only the 
more commonly used items. The termination, cables, and 
adapters supplied with the instrument satisfy most measure- 
ment requirements. A complete list of accessory items can be 
found in the catalog accessory pages. 



ATTENUATORS, ADAPTERS, AND CABLES 

1 25-0 2:1 attenuator, order 017-0071-00 $30.00 

125-fl 5:1 attenuator, order 017-0049-00 30.00 

125-Q 10:1 attenuator, order 017-0050-00 30.00 

125-Q adapter N50/T125, order 017-0054-00 18.00 

125-fi 90° elbow assembly, order 017-0043-00 16.50 

125-Q 20-ns cable, order 017-0511-00 20.00 

SCOPE-MOBILE® CART 

Provides portability between various operating areas and 
serves as a convenient working surface for Type 519, order 
Model 202-1, Mod 52 $165.00 

CAMERA 

Ultra-high writing rate — fl.3, 1:0.5 — Polaroid* Roll-Film back, 
order C-27-662R $595.00 



*Registered Trademark, Polaroid Corporation 

U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 
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• PUSH-BUTTON OPERATING CONVENIENCE 



• AMPLITUDE CALIBRATED DISPLAYS 



• LUMINANCE AMPLITUDE, CHROMINANCE PHASE 
AND AMPLITUDE, DIFFERENTAL PHASE AND 
DIFFERENTIAL GAIN MEASUREMENTS 



• THE LUMINANCE CHANNEL AND THE LINE-RATE 
TIME BASE PERMIT DECODED R, G, B and Y 
DISPLAYS 



• ALL SILICON SOLID-STATE, COOL, QUIET 
OPERATION 



I 

o 






The Tektronix Type 520 NTSC Vectorscope is designed to 
measure luminance amplitude, and chrominance amplitude 
and phase of the NTSC composite color television signal. 
Self-canceling pushbutton switches permit rapid selection of 
displays for quick analysis of television signal characteristics, 
and to check Vectorscope calibration. All solid-state circuitry 
provides low power consumption and cool, quiet operation. 

Dual inputs provide time-shared displays for comparison of 
input-output signal phase and gain distortion. A chrominance 
channel is provided which demodulates the chrominance signal 
to obtain color information from the composite video signal for 
use in VECTOR, LINE SWEEP, R, G, B, I, Q, Differential Gain 
(dA) and Differential Phase (d<£) displays. A luminance channel 
separates and displays the luminance (Y) component of the 
composite color signal. The Y component is combined with the 
output of the chrominance demodulators for R, G and B displays 
at a line rate. 

A digital line selector permits the display of a single line 
Vertical Interval Test Signal from a selected line of either field 
1 or field 2. 
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520 

TYPE — NTSC VECTORSCOPE 

R520 



VECTOR PRESENTATION 

The vector presentation graphically displays the relative 
phase and amplitude of the chrominance signal on polar 
coordinates. To identify these coordinates the graticule (see 
fig 1) has points which correspond to the proper phase 
and amplitude of the primary and complementary colors: 
R (Red), B (Blue), G (Green); Cy (Cyan), Y L (Yellow) and M s 
(Magenta). 




Fig 1 — Vector display — full field color bars, 75% amplitude, 
100% white reference, 10% set-up. Conforms to EIA standard 
RS189. Type 14 1 NTSC Test Signal Generator used as a signal 
source. 

Any errors in the color encoding, video tape recording or 
transmission processes which change these phase and/or 
amplitude relationships cause color errors in the television 
receiver picture. The polar coordinate type of display such 
as that obtained on the Type 520 CRT has proved to be the 
best method for portraying these errors. 

The polar display permits measurement of hue in terms of 
relative phase of the chrominance signal with respect to the 
color burst. Saturation is expressed in terms of the displace- 
ment from center (radial length) toward the color point which 
corresponds to 75% (or 100%) saturation of the particular 
color being measured. 

The outer boxes around the color points correspond to phase 
and amplitude error limits per FCC requirements (±10°, 
±20%). The inner boxes indicate ±2.5° and 2.5 IRE units 
and correspond to phase and amplitude error limits per EIA 
specification RS-189, amended for 7.5% setup. 

An internally generated test circle matched with the vector 
graticule verifies quadrature accuracy, horizontal to vertical 
gain balance and gain calibration for chrominance signal 
amplitude measurements. Two methods of measuring phase- 
shift are provided. Large phase-shifts can be accurately read 
from the parallax-free vector graticule. A precision calibrated 
phase shifter with a range of 30°, spread over 30 inches of 
dial length, is provided for measuring small phase-shifts. 



LINEAR-SWEEP PRESENTATION 

The linear time base operates at the line rate. Color signals 
are demodulated along any desired axis, I, Q, R-Y, B-Y, etc. 
and displayed at the line rate on a linear time base. 

DUAL DISPLAY 

In dual-channel operation, successive samples of channels 
A and B are displayed on a time-shared basis. The switch- 
ing rate is locked to horizontal sync and switching transients 
are blanked. Input-output signals from video equipment can 
be conveniently compared on channel A and B for phase 
and/or amplitude distortion. The subcarrier processing channel 
contains two uncalibrated 0° to 360° phase-shifters and one 
30° CALIBRATED PHASE shifter. While viewing channel A or 
B, either of the uncalibrated phase-shifters, A </> or B</>, can be 
switched into the subcarrier processing channel. A<j> and B </> 
will lock to channel A and B respectively, when A and 
B channel are time-shared, permitting independent phase 
control of channel A and B displays. Phase shifts caused 
by unequal signal paths are easily cancelled, leaving only 
phase and amplitude distortion caused by equipment de- 
ficiencies. Video cable lengths can be accurately matched 
for time delay at color subcarrier frequency to less than 
0.5° phase difference. Accurate amplitude measurements 
of chrominance and luminance are provided from the CRT. 
An internal 1-V luminance amplitude calibration test signal 
is provided to check the gain accuracy of channel A and B 
amplifiers and the luminance channel. 

DIFFERENTIAL GAIN AND DIFFERENTIAL PHASE MEASURE- 
MENTS 

The two main chrominance-signal distortions are differential 
gain and differential phase. Both can be measured on the 




Fig 2 — Differential Gain display from the Type 520 using the 
Type 140 NTSC Test Signal Generator. Lower trace, luminance 
is on. Upper trace, luminance is off. Minor divisions of graticule 
indicate .5% Differential Gain. Double exposure. 

Type 520 Vectorscope. Differential gain (fig 2) is a change 
in color subcarrier amplitude as a function of luminance. In 
the reproduced color picture, the saturation will be distorted 
in the areas between the light and dark portions of the scene. 
The IRE graticule major divisions represent % of voltage 
gain or loss when making a differential gain measurement. 
The 520 permits differential gain measurements with accuracy 
to better than 1%. 
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NTSC VECTORSCOPE TYPE 

R520 




Fig 3 — Differential Phase of a typical video amplifier. The trace 
overlay technique provides excellent resolution for measuring 
small phase changes. From reference point in top photo ( 1st step 
of staircase signal overlayed) to point of measure in second photo 
(6th step overlayed) represents 2.1° differential phase distortion. 



Differential phase (fig 3) is a phase modulation of the 
chrominance signal by the luminance signal. In the repro- 
duced color picture, the hue will vary with scene brightness. 
Differential gain and differential phase may occur separately 
or together. The causes of these distortions are amplitude 
non-linearity and time delay that are not independent of the 
signal level. Differential phase is read from the precision 
calibrated phase shift control. Dial resolution is excellent 
with 1 ° phase shift represented by approximately 1 inch of 
dial movement. The vertical deflection of the display is greatly 
magnified and inverted on alternate lines allowing the use 
of a trace overlay technique and the slide-back method for 
measuring small phase changes. The CALIBRATED PHASE 
control provides direct readout of differential phase. Using 
the standard linearity test signal, differential phase of 0.2° 
can be measured. Reference burst is selectable, internal or 
external. 

RED (R), GREEN (G), BLUE (B) AND LUMINANCE (Y) 

OBSERVATIONS 

The Type 520 provides a luminance channel which permits the 
separation and display of the luminance (Y) component from 
the composite color signal (fig 4). The Y component can 
also be combined with the output of the chrominance de- 
modulators for R, G and B displays at a line rate (fig 5, 
6, 7). Amplitude measurements of color signal components 
can be made with an accuracy of 3%. 




75% amplitude EIA Color Bar Signal. Line-sweep displays of 
Luminance (fig 4), decoded Red (fig 5), decoded Green (fig 6), 
and decoded Blue (fig 7). Displays photographed with a Tek- 
tronix C-27-549 Camera, using a Tektronix Type 140 NTSC Test 
Signal Generator as a source. 
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TYPE 



520 



NTSC VECTORSCOPE 



R520 

VERTICAL INTERVAL TEST SIGNAL OBSERVATION 

Vertical Interval Test Signals from preselected lines of either 
field 1 or field 2 can be displayed on the Type 520 Vector- 
scope. 

Binary counters operate in conjunction with the field selector 
to select lines in either field that may carry suitable test sig- 
nals. These circuits enable the Vectorscope to be used for 
measuring differential gain and differential phase from test 
signals transmitted in the vertical blanking interval of color 
broadcasts. 

Normally, lines 18 and 19 in either field 1 or field 2 are 
selected by means of the VITS 18 and VITS 19 pushbuttons 
in conjunction with the FIELD switch. Internal quick-disconnect 
jumper wires permit selecting any line from 7 through 21 
of either field. Intensity and focus are automatically adjusted 
for optimum viewing of VITS. 

GRATICULE 

Two separate graticules provide references for vector and 
line sweep displays. The parallax-free vector graticule, or 
the IRE graticule, is automatically selected and edge-lighted 
concurrent with operating mode selection. 

Z AXIS INPUT 

The Z-AXIS INPUT connector accepts external trace-bright- 
ening pulses for intensifying a portion of the display during 
the time of interest. A 1-V negative-going pulse is required. 

VIDEO INPUTS 

Dual input BNC connectors (fig 8) for each channel permit 
75-0 loop-through operation with a return loss greater than 
46 dB* to 5 MHz. Amplitude range is 0.7 V to 1.4 V VIDEO 
(sync tip to peak white). 




Fig 8 — Rear view of 520 Vectorscope. The mounting angle of 
the coax connectors permit connecting cables to leave the instru- 
ment without protruding excessively and with a minimum of 
clearance space required. 

POWER REQUIREMENTS 

90 to 136 VAC or 180 to 272 VAC, 47 to 63 Hz, 95 watts 
maximum at 115 V and 60 Hz. Rear panel selector provides 
rapid accommodation for six line-voltage ranges. 

ENVIRONMENTAL CAPABILITIES 

Ruggedly designed to withstand temperature and altitude 
variations, vibration, shock, and transportation. Listed instru- 
ment characteristics are valid over a temperature range of 
0° C to +50° C ambient. 

MECHANICAL CHARACTERISTICS 




Fig 9 - — Cabinet model. 

DIMENSIONS AND WEIGHTS 



TYPE 520 


Height 


7 in 


17.8 cm 




Width 


16% in 


42.9 cm 




Depth 


19% in 


48.7 cm 




Net weight 


33 lb 


15 kg 


TYPE R520 


Height 


7 in 


17.8 cm 




Width 


19 in 


48.3 cm 




Depth 


19 3 / 4 in 


50.2 cm 




Net weight 


33 lb 


15 kg 


Domestic shipping weight 


~61 lb 


=2 7.7 kg 


Export-packed weight 


~82 lb 


;=37.3 kg 



INCLUDED STANDARD ACCESSORIES 
TYPE 520: Smoke-gray filter, installed (378-0581-00); camera 
gasket and mounting screws (016-0114-00); power cord (161- 
0036-00); 3 to 2-wire adapter (1 03-001 3-00); 2 instruction 
manuals (070-0639-00). 

TYPE R520. Same as Type 520 but includes rackmounting 
hardware, and mounting tracks (351-0101-00). 

ORDERING INFORMATION 

Cabinet model, order TYPE 520 NTSC VECTORSCOPE . . 

$1875 

Rackmount model, order TYPE R520 NTSC VECTORSCOPE 
$1900 

UHF connectors are optional and may be specified without 
extra cost. 

OPTIONAL ACCESSORIES 

75-Q VOLTAGE STEP-UP TERMINATION 

The 75-D Voltage Step-Up Termination provides a 5X in- 
crease in chrominance amplitude and permits Differential 
Gain and Differential Phase measurements to be made to 
a higher degree of accuracy when used with the Type 520 
NTSC Vectorscope. Input impedance to the termination is 
a constant 75 Q. Use of the termination requires a source 



of external sync to the Type 520. 

UHF connectors, order 011-0100-00 $25 

BNC connectors, order 011-0100-01 $25 



SIDEBAND CHROMA AMPLITUDE EQUALIZER 

The Sideband Chroma Amplitude Equalizer is designed for 
use with the Type 520 NTSC Vectorscope in transmitter ap- 
plications where a vestigial sideband signal is being demodu- 
lated with a detecting diode. The equalizer provides a 2X 
increase in chrominance amplitude and passes luminance 
components with little or no attenuation. Input impedance 



is 75 Q. 

UHF connectors, order 011-0107-00 $25 

BNC connectors, order 011-0107-01 $25 



The Type 520 Vectorscope is available in two mechanical 
configurations. A cabinet model (Type 520) (fig 9) and a 
rackmount model (Type R520). Both instruments are electric- 
ally identical. The R520 mounts in a 19-inch rack and is pro- 
vided with slide-out chassis tracks for convenient access to 
internal components. 

*Exceeds CCIR recommendation 451-2, paragraph 3.1 and 3.2 



C-27 TRACE RECORDING CAMERA 

f/1.9, 1:0.5 lens; Polaroid Land* Pack-Film back. 

Order C-27-549 $470 

Type 520 to C-27 Camera Adapter, order 016-0225-02 . . $ 15 

^Registered Trademark, Polaroid Corporation 

U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 
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TYPE 



520 

R520 




• PUSH-BUTTON OPERATING CONVENIENCE 

• AMPLITUDE CALIBRATED DISPLAYS 

• LUMINANCE AMPLITUDE , CHROMINANCE PHASE 
AND AMPLITUDE , DIFFERENTIAL PHASE AND 
DIFFERENTIAL GAIN MEASUREMENTS 

• THE LUMINANCE CHANNEL AND THE LINE-RATE 
TIME BASE PERMIT DECODED R, G, B and Y 
DISPLAYS 

• ALL SILICON SOLID-STATE, COOL, QUIET 
OPERATION 



The Tektronix Type 520 PAL Vectorscope is designed to 
measure luminance amplitude, and chrominance phase and 
amplitude of the PAL composite color television signal. Self- 
canceling pushbutton switches permit rapid selection of displays 
for quick analysis of television signal characteristics, and to 
check Vectorscope calibration. All solid-state circuitry pro- 
vides low power consumption and cool, quiet operation. 

Dual inputs are provided permitting time-shared displays for 
comparison of input-output signal phase and gain distortion. A 
chrominance channel is provided which demodulates the 
chrominance signal to obtain color information from the com- 
posite video signal for use in VECTOR PAL, VECTOR NTSC, R, 
G, B, U, V, Differential Gain and Differential Phase displays. 
A luminance channel separates and displays the luminance (Y) 
component of the composite color signal. The Y component is 
combined with the output of the chrominance demodulators for 
R, G and B displays at a line rate. 

A digital line selector permits the display of a single line 
Vertical Insertion Test Signal from a selected line of either field 
1 or field 2. 
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TYPE 



520 

R520 



PAL VECTORSCOPE 




VECTOR PRESENTATION 

The vector presentation graphically displays the relative 
phase and amplitude of the chrominance signal on polar 
coordinates. To identify these coordinates the graticule (see 
fig 1) has points which correspond to the proper phase and 
amplitude of the primary, complementary and conjugate 
chrominance vectors: Red (R) (r). Green (G) (g), Blue (B) (b), 
Cyan (CyJ (cy), Magenta (Mg) (mg) and Yellow (Yl) (yl). 




Fig. 1A — Vector PAL presentation of PAL color bar signal. 




Fig. IB — Vector NTSC presentation of PAL color bar signal. 

Any errors in the color encoding, video tape recording or 
transmission processes which change these phase and/or 
amplitude relationships cause color errors in the television 
receiver picture. The polar coordinate type of display such 
as that obtained on a vectorscope has proved to be the 
best method for portraying these errors. 

The polar display permits measurement of hue in terms of 
relative phase of the chrominance signal with respect to the 
color burst. Saturation is expressed in terms of the displace- 
ment from center (radial length) toward the color point which 
corresponds to 75% (or 100%) saturation of the particular 
color being measured. 

The outer boxes around the color points correspond to phase 
and amplitude error limits (±10°, ±20%). The inner boxes 
indicate ±3° phase angle and ±5% amplitude. 

(+V), (+V and — V) and ( — V) vector displays are provided, 



permitting observation of the 135° and 235° 
color information, individually or combined. 



burst-related 



An internally generated test circle matched with the vector 
graticule verifies quadrature accuracy, horizontal to vertical 
gain balance and gain calibration for chrominance signal 
amplitude measurements. Two methods of measuring phase- 
shift are provided. Large phase-shifts can be accurately read 
from the parallax-free vector graticule. A precision calibrated 
phase shifter with a range of 30°, spread over 30 inches of 
dial length, is provided for measuring small phase-shifts. 



LINEAR-SWEEP PRESENTATION 

The linear time base operates at the line rate. Color signals 
are demodulated along any desired axis, U, V, etc. and dis- 
played at the line rate on a linear time base. 



DUAL DISPLAY 

In dual-channel operation, successive samples of channels 
A and B are displayed on a time-shared basis. The switch- 
ing rate is locked to horizontal sync and switching transients 
are blanked. Input-output signals from video equipment can 
be conveniently compared on channel A and B for phase 
and/or amplitude distortion. The subcarrier processing channel 
contains two uncalibrated 0° to 360° phase-shifters and one 
30° CALIBRATED PHASE shifter. While viewing channel A or 
B, either of the uncalibrated phase-shifters, A</> or B </>, can be 
switched into the subcarrier processing channel. A </> or B</> 
will lock to channel A and B respectively, when A and B 
channel are time-shared, permitting independent phase control 
of channel A and B displays. Phase shifts caused by unequal 
signal paths are easily cancelled, leaving only phase and 
amplitude distortion caused by equipment deficiencies. Video 
cable lengths can be accurately matched for time delay at 
color subcarrier frequency to less than 0.5° phase difference. 
Accurate amplitude measurements of chrominance and lumi- 
nance are provided from the CRT. An internal 1-V luminance 
amplitude calibration test signal is provided to check the gain 
accuracy of channel A and B amplifiers and the luminance 
channel. 



DIFFERENTIAL GAIN AND DIFFERENTIAL PHASE MEASURE- 
MENTS 

The two main chrominance-signal distortions are differential 
gain and differential phase. Both can be measured on the 
Type 520 PAL Vectorscope. Differential gain (fig 2) is a change 



-1 



DIFF 

GAIN 




0 -*- 



Fig 2 — Type 520 PAL and Type 141 system being used 
to measure differential gain of a typical cascade of video 
amplifiers. Indicated differential gain is 6'/ 2 %. 
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520 

PAL VECTORSCOPE TYPE 



in color subcarrier amplitude as a function of luminance. In 
the reproduced color picture, the saturation will be distorted 
in the areas between the light and dark portions of the scene. 
The luminance graticule major divisions represent % of voltage 
gain or loss when making a differential gain measurement. 
The 520 PAL Vectorscope permits differential gain measure- 
ments with accuracy to better than 1 %. 





Fig 3 — Differential Phase presentation using a modulated 
staircase signal. A trace overlay technique provides excel- 
lent resolution for measuring small phase changes. From 
reference point in top photo (1st step of staircase signal 
overlayed ) to point of measure in bottom photo ( 6th step 
overlayed) represents 1.2° differential phase distortion. 

Differential phase (fig 3) is a phase modulation of the 
chrominance signal by the luminance signal. In the repro- 
duced color picture, the hue will vary with scene brightness. 
Differential gain and differential phase may occur separately 
or together. The causes of these distortions are amplitude 
non-linearity and time delay that are not independent of the 
signal level. Differential phase is read from the precision 
calibrated phase shift control. Dial resolution is excellent 
with 1 ° phase shift represented by approximately 1 inch of 
dial movement. The vertical deflection of the display is greatly 
magnified and inverted on alternate lines allowing the use 
of a trace overlay technique and the slide-back method for 
measuring small phase changes. The CALIBRATED PHASE 
control provides direct readout of differential phase. Using 
the standard linearity test signal, differential phase of 0.2° 
can be measured. Reference burst is selectable, internal or 
external. 




Line sweep presentations of Luminance (signal sequence,- 
white, yellow, cyan, green, magenta, red, blue, and black, 
fig 4), decoded Red (fig 5j, decoded Green (fig 6), and 
decoded Blue (fig 7), components of the PAL color bar 
signal. Photos were taken using a Type 141 PAL Tele- 
vision Test Signal Generator and a C-27-549 Camera. 
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TYPE 



520 

R520 



PAL VECTORSCOPE 



RED (R), GREEN (G), BLUE (B) AND LUMINANCE (Y) 
OBSERVATIONS 

The Type 520 PAL Vectorscope provides a luminance channel 
which permits the separation and display of the luminance 
(Y) component from the composite color signal (fig 4). The Y 
component can also be combined with the output of the 
chrominance demodulators for R, G and B displays at a line 
rate (fig 5, 6, 7). Amplitude measurements of color signal 
components can be made with an accuracy of 3%. 
VERTICAL INSERTION TEST SIGNAL OBSERVATION 
Vertical Insertion Test Signals from preselected lines of either 
field 1 and 3 or field 2 and 4 can be displayed on the Type 
520 PAL Vectorscope. 

Binary counters operate in conjunction with the field selector 
to select lines in either field that may carry suitable test sig- 
nals. These circuits enable the Vectorscope to be used for 
measuring differential gain and differential phase from test 
signals transmitted in the vertical blanking interval of color 
broadcasts. 

Normally, lines 17 and 18 in field 1 and 3 and lines 330 and 
331 in field 2 and 4 are selected by means of the VITS I 
and VITS II pushbuttons in conjunction with the V1T FIELD 
switch. Internal quick-disconnect jumper wires permit selecting 
any line from 4 through 22 or 316 through 335. Intensity and 
focus are automatically adjusted for optimum viewing of VITS. 
GRATICULE 

Two separate graticules provide references for vector and line 
sweep displays. The parallax-free PAL vector graticule, or the 
luminance graticule, is automatically selected and edge-lighted 
concurrent with operating mode selection. 

Z AXIS INPUT 

The Z-AXIS INPUT connector accepts external trace-bright- 
ening pulses for intensifying a portion of the display during 
the time of interest. A 1-V negative-going pulse is required. 

VIDEO INPUTS 

Dual BNC input connectors (fig 8) for each channel permit 
75-0 loop through operation with a return loss greater than 
46 dB* to 5 MHz. Amplitude range is 0.7 V to 1.4 V VIDEO 
(sync tip to peak white). 




Fig 8 — Rear view of 520 PAL Vectorscope. The mounting 
angle of the coax connectors permit connecting cables to 
leave the instrument without protruding excessively and 
with a minimum of clearance space required. - 

POWER REQUIREMENTS 

90 to 136 VAC or 180 to 272 VAC, 47 to 63 Hz, 95 watts 
maximum at 115 V and 60 Hz. Rear panel selector provides 
rapid accommodation for six line-voltage ranges. 

^Exceeds CCIR recommendation 451-2, paragraph 3.1 and 3.2 



ENVIRONMENTAL CAPABILITIES 

Listed instrument characteristics are valid over a temperature 
range of 0°C to +50°C ambient. 




MECHANICAL CHARACTERISTICS 

The Type 520 PAL Vectorscope is available in two mechanical 
configurations. A cabinet model (Type 520 MOD 188M) (fig 9) 
and a rackmount model (Type R520 MOD 188M). Both instru- 
ments are electrically identical. The R520 MOD 188M mounts 
in a 19-inch rack and is provided with slide-out chassis tracks 
for convenient access to internal components. 




Fig 9 — Cabinet model. 

DIMENSIONS AND WEIGHTS 



TYPE 520 


Height 


7 in 


17.8 cm 


MOD 188M 


Width 


16% in 


42.9 cm 




Depth 


19% in 


48.7 cm 




Net weight 


33 lb 


15 kg 


TYPE R520 


Height 


7 in 


17.8 cm 


MOD 188M 


Width 


19 in 


48.3 cm 




Depth 


19 3 / 4 in 


50.2 cm 




Net weight 


33 lb 


15 kg 



INCLUDED STANDARD ACCESSORIES 
Smoke-gray filter (378-0581-00); camera gasket and mount- 
ing screws (016-0114-00); power cord (161-0036-00); 3 to 2- 
wire adapter (103-0013-00); 2 instruction manuals (070-0801 - 
00 ). 

TYPE R520 MOD 188M: Same as Type 520 MOD 188M but 
includes rackmounting hardware, and mounting tracks (351- 
0101 - 00 ). 



ORDERING INFORMATION 

Cabinet model PAL Vectorscope, order TYPE 520 MOD 
188M $1875 

Rackmount model PAL Vectorscope, order TYPE R520 MOD 
1 88M $1900 

UHF connectors are optional and may be specified without 
extra cost. 



OPTIONAL ACCESSORIES 



C-27 TRACE RECORDING CAMERA 

f/1.9, 1:0.5 lens; Polaroid Land* Pack-Film back. 

Order C-27-549 

Type 520 to C-27 Camera Adapter, order 016-0225-02 . . 

*Registered Trademark, Polaroid Corporation 



$470 
$ 15 



U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 
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TYPE 528 







NEW 






TELEVISION WAVEFORM MONITOR 



The solid-state Type 528 Television Waveform Monitor pro- 
vides bright, easy-to-read video waveform displays on a 5-inch 
CRT, yet requires only 5 '/(-inch vertical height and '/ 2 -rack 
width mounting space. This compact instrument is especially 
well suited for monitoring signals from camera outputs, video 
system output lines, transmitter video input lines, closed-circuit 
• LARGE 8 x 7 0-em DISPLAY AREA TV systems and educational TV systems. 



• 1/2 RACK SIZE 

• TWO VIDEO INPUTS 

• PICTURE MONITOR OUTPUT 

• SELECTABLE 1 -VOLT AND 4 -VOLT FULL SCALE 
DEFLECTION FACTORS 

• YRGB AND RGB INPUTS 

• ALL SOLID-STATE — LOW POWER CONSUMPTION 



Either of two video inputs, selectable from the front panel, 
may be displayed. The displayed video signal is also provided 
at a video output jack for viewing on a picture monitor. Cali- 
brated, 1-volt and 4-volt full scale (140 IRE unit) sensitivities are 
provided for displaying common video and sync signal levels. 
A variable sensitivity control permits uncalibrated displays from 
0.25-volt to 4.0-volt full scale. The built-in 1-volt calibration 
signal may be switched on to check vertical sensitivity calibra- 
tion. Flat, IRE, Chroma, and Diff Gain frequency response posi- 
tions permit observation of various signal characteristics. 

Horizontal Sweep selection provides 2H (two line), 1 /as/ div 
(expanded two line), 2 V (two field) and 2 V MAG (expanded 
two field). Displays of RGB and YRGB waveforms from color 
processing amplifiers are provided for with interconnection 
through a rear-panel 9-pin receptacle. 



A DC Restorer maintains the back porch at an essentially con- 
stant level despite changes in signal amplitude, APL and color 
burst. May be turned off when not needed. 



All solid-state circuitry provides low power consumption, and 
long-term reliability. 
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TYPE 



VIDEO FEATURES 



INPUTS 

Rear-panel BNC connectors provide two unbalanced inputs 
(A & B) which may be used with either 75-fi loop-through 
or bridging connection. Maximum return loss for A and B 
video inputs, terminated in 75 Q, operating or non-operating 
is 46 dB or greater at 5 MHz. Normally AC coupled but 
may be easily modified by user for DC coupling. 




Rear panel of Type 528 Waveform Monitor. 



DEFLECTION FACTOR 

Calibrated 1-volt and 4-volt (for 140 IRE unit deflection) posi- 
tions are provided for video inputs A or B with accuracy 
within 1% for the 1-volt positions and 3% for the 4-volt 
positions. A variable sensitivity control permits uncalibrated 
displays from 0.25-volt to 4.0-volt full scale. 

FREQUENCY RESPONSE 

4 response positions are provided: FLAT — 25 Hz to 3.6 MHz 
within 1% of response at 50 kHz, 3.6 MHz to 5 MHz +1%, 
— 3% of response at 50 kHz, and +1 %, — 3% of response at 
3.58 MHz; IRE — per 1958 IRE STD 23S-1 (amended). Response 
at 4.43 MHz attenuated at least 22 dB; CHROMA — 30% 
down between 3.1 MHz and 3.4 MHz, 30% down between 
3.8 MHz and 4.1 MHz. Response at 3.58 MHz does not vary 
between FLAT and CHROMA by more than 1 %. DIFF GAIN — 
same as CHROMA response with additional gain for display- 
ing 100 IRE units of 90 mV to 143 mV subcarrier levels. 

DIFFERENTIAL GAIN 

1% or less with 10 to 90% APL changes using DIFF GAIN 
operating mode with modulated stairstep signal, baseline 
adjusted to 50 IRE units position, and signal adjusted to 100 
IRE units P-P. 

TRANSIENT RESPONSE 

1-volt or 4-volt calibrated deflection factor, FLAT response 
position, using 125-ns HAD sin 2 pulse and bar test signal: 
preshoot is not more than 1 IRE unit, overshoot not more than 
2 IRE units, ringing not more than 2 IRE units and pulse to 
bar ratio within 0.99:1 to 1.01:1. 

LOW FREQUENCY TILT 

1 % or less tilt on the vertical window or 60 Hz squarewave 
(DC Restorer off). 



MAXIMUM INPUT LEVEL 
MAXIMUM DC INPUT 

5 volfst for all response positions using AC coupling. 
MAXIMUM AC INPUT 

Flat and IRE response — Signal levels should be limited to 
produce displays not exceeding 200 IRE units. 

CHROMA response — Chroma levels up to 140 IRE units may 
be displayed, provided the chroma plus luminance level 
does not exceed 200 IRE units when viewed in the FLAT 
response mode. 

DIFF GAIN — Subcarrier signal levels of 90 mV to 143 mV 
peak to peak may be expanded, using the variable gain 
control, to 100 IRE units for measurement of differential gain 
with 10 to 90% APL. 

DC RESTORER 

Slow acting back porch DC restoration. Blanking level shift 
due to presence or absence of burst or changes in APL from 
10% to 90% will not exceed 2 IRE units. May be disabled 
when desired. 

VIDEO OUTPUT 

The displayed signal is provided at a rear-panel BNC con- 
nector. Frequency response is 25 Hz to 5 MHz within 3%. 
Output signal amplitude is 1 volt within 15% for 140 IRE 
unit display using the FLAT response mode. DC level is 2 
voltt or less into 75-fi load. Nominal output impedance 
is 75 fi. Return loss is 30 dBt or greater from 25 Hz to 5 
MHz. 




Infrequently used operating controls are conveniently located 
behind a front-panel hinged door. 



fExceeds CCIR recommendation 451-2 paragraph 3.1. 
^Exceeds CCIR recommendation 451-2 paragraph 3.2. 
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TIME BASE FEATURES 

SYNCHRONIZATION 



Internal or external sync is provided and is selectable by a 
switch behind the front panel hinged door. Internal sync is 
derived from composite video input. External sync is via a 
rear panel BNC loop-through connector and requires 1.5-volts 
to 4.5-volts composite sync input. The unterminated sync 
input impedance is approximately 15 kfi paralleled by ap- 
proximately 5 pF and maximum input voltage is 20 volts.t 



TYPE 528 

SWEEP MODES 

4 sweep modes are provided: 2-V SWEEP — repetition rate 
equal to frame rate of applied video or external sync; 2-V 
MAG SWEEP — expands the vertical blanking interval (approxi- 
mately 20X magnification of 2 V); 2-H SWEEP — repetition 
rate equal to half-line rate of applied video or external sync; 
l-/xs/div SWEEP — calibrated sweep with accuracy within 
3% for center 10 div of 12-div sweep, and linearity within 
3% throughout horizontal POSITION range, excluding first 
and last div. 




Fig 1. Modulated stairstep signal. 2 H SWEEP, 
FLAT response. 




Fig 4. Multiburst signal. 2-H SWEEP, FLAT 
response. 




7. Horizontal Blanking Interval. 1 -/is /div 
calibrated sweep. 




Fig 2. Modulated stairstep signal. 2 H SWEEP, 
IRE response. 




Fig 5. 75% saturated color bar signal. 2-H 
SWEEP, FLAT response. 




Fig 8. Vertical Blanking Interval. 2-V MAG 
SWEEP. 20X magnification permits con- 
venient vertical blanking interval ob- 
servation. 




Fig 3. Modulated stairstep signal. 2 H SWEEP, 
DIFF GAIN response. 




Fig 6. .1 25 ps HAD Sin 2 Pulse and Bar. 1-ps/ 
div calibrated sweep, FLAT response. 




Fig 9. .250 ps HAD Sin 2 Pulse (left) and Modu- 
lated 20 T Sin 2 Pulse fright) with super- 
imposed Bar Signal (top). 
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YRGB AND RGB DISPLAYS 



The Type 528 can be used with color camera processing ampli- 
fiers which provide the necessary sequential signal switching 
and staircase signals. A rear panel 9-pin receptacle provides 
the necessary interconnections. Factory wired for RGB (3 
step) input. 

STAIRSTEP AMPLITUDE 

A 10-volt amplitude stairstep signal will produce a 9-div 
display length within 15%. 

STAIRSTEP DC LEVEL 

Peak AC plus DC signal levels shall not exceed limits of 
— 12 to +12 volts. Maximum AC signal level is 12-volts 
peak-to-peak. 

CONTROL SIGNALS 

The RGB or YRGB modes may be initiated through the use of 
external voltage (12 volts to 15 volts) or ground connection 
at the rear panel 9-pin receptacle. A 9-pin plug is supplied 
with the included standard accessories. 



OTHER FEATURES 

REGULATED POWER SUPPLY 

Operates on 99 volts AC to 132 volts AC and 198 volts AC to 
264 volts AC, 48 Hz to 66 Hz line frequency. Operates on 115 
volts ±10% or 230 volts ±10% at line frequencies from 
66 Hz to 440 Hz. POWER CONSUMPTION: approx 48 watts 
at 115 volts AC, 60 Hz. 

TEKTRONIX CATHODE-RAY TUBE 

Flat-faced 5-inch rectangular CRT providing an 8xl0-cm 
display area. P31 phosphor supplied. External graticule with 
variable illumination. 

CALIBRATOR 

An internal calibration signal provides a convenient reference 
for verifying deflection factor. Amplitude is 1.0 volt within 
1 %. 

DIMENSIONS AND WEIGHTS 




TYPE 528 WITH PROTECTIVE CABINET 



The Type 528 MOD 147B is a standard Type 528 provided with 
a protective cabinet for table-top use or portable applications. 
Cabinet is aluminum construction, blue vinyl finish. 

TYPE 528 MOD 147B WAVEFORM MONITOR $855 



OPTIONAL ACCESSORIES 




RACK ADAPTER 



For mounting two Type 528's side-by-side in a standard 19- 
inch rack, order 016-0115-01 $ 85.00 



PANEL ASSEMBLY 

For covering ’/ 2 of rack adapter when only one Type 528 
is rackmounted, order 016-0116-00 $ 7.50 



Type 528: Height 


5’% in 


13.3 cm 


Width 


8% in 


21.6 cm 


Depth 


18'/ 2 in 


47.0 cm 


Net weight 


15 lb 


6.8 kg 



INCLUDED STANDARD ACCESSORIES 

9-pin connector (136-0099-00), connector cover (200-0249-00), 
two instruction manuals (070-0800-00). 

ORDERING INFORMATION 

ORDER TYPE 528 FOR 525-LINE, 30-FRAME TELEVISION 



STANDARDS 

TYPE 528 WAVEFORM MONITOR $825 

TYPE 528 MOD 146B WAVEFORM MONITOR $825 



As above, but less cover, for mounting in Tektronix rack 
adapter (016-0115-00). 

ORDER TYPE 528 MOD 188G FOR 625-LINE, 25-FRAME 
TELEVISION STANDARDS, CALIBRATED WITH CCIR SIG- 
NALS WITH CHROMA RESPONSE CENTERED AT 4.43 MHz. 

TYPE 528 MOD 188G WAVEFORM MONITOR $825 




C-27 CAMERA 

f/1.9, 1:85 lens, Polaroid Land* Pack-Film back, order C-27 
$430.00 

Type 528 to C-27 camera adapter, 016-0249-00 .... $ 15.00 

^Registered Trademark Polaroid Corporation 

U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 
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TYPE 

RM529 




• LINE SELECTOR 

• FLAT TO 8 MHz 

• 4 FREQUENCY RESPONSES 

• POSITIVE FIELD SELECTOR 

• COOL — QUIET — CLEAN 

• NO FAN — ONLY 80 WATTS 

• AVAILABLE FOR USE WITH SEVERAL 
TV STANDARDS 



The Type 529 and RM529 bring to the Industry a new flexi- 
bility in waveform monitoring: signal-level monitoring, bandwidth 
and differential gain measurements, sine 2 -pulse and bar testing, 
monitoring Vertical Interval Test signals, transmitter percent-of- 
modulation measurements, YRGB displays (in conjunction with 
color-processing amplifiers) and others. Included are four video 
response characteristics, HIGH-PASS, LOW-PASS, IEEE, and FLAT. 
Both instruments feature FLAT RESPONSE to 8 MHz, assuring 
excellent waveform fidelity for sine squared testing with 2T, T 
and y 2 T pulses. 



DC RESTORATION maintains the back porch at an essentially 
constant level despite changes in signal amplitude, APL, and 
color burst, and may be turned off for viewing other than video 
signals. The circuit can easily be modified for sync-tip restora- 
tion. 

Sensitivity range is 0.12 volts to 1.5 volts for full-scale deflec- 
tion. Full-scale calibration at 0.714 V or 1.00 V is provided. 

BRIGHT WAVEFORM DISPLAYS in line selector operation are 
obtained with a highly-efficient 5-inch aluminized CRT. The 
instrument uses the best of both solid-state and vacuum-tube 
circuitry resulting in improved stability and reliability. These 
instruments do not require a fan, resulting in cleaner operation 
and complete freedom from noise. 

HORIZONTAL SELECTION provides 2-field or 2-line displays, 
plus calibrated sweep rates of 0.125 H/cm or 0.25 H/cm. Either 
calibrated rate may be delayed for line selection. SWEEP 
MAGNIFICATION extends the sweep rate by X5 or X25, offer- 
ing calibrated sweep rates from 0.250 H/cm to 0.005 H/cm. 
POSITIVE FIELD SELECTION assures stable displays in the 
presence of random noise bursts and video switching. The LINE 
SELECTOR permits detailed study of any portion of any desired 
line(s), and a front panel switch selects lines 16 through 21 
for viewing VIT signals. A VIDEO-OUTPUT AMPLIFIER supplies 
video and a brightening pulse to the associated picture moni- 
tor, intensifying the same line, or lines, displayed on the instru- 
ment when using the LINE SELECTOR. 



83 



TYPE 



RM529 

VIDEO FEATURES 



INPUTS 

Two unbalanced inputs through rear-panel BNC connectors 
may be used with either 75-fi loop-through or bridging con- 
nection (input R & C is 1 Meg and 24 pF). Return loss is great- 
er than 46 dB to 5 MHz using 75-0 loop-through. Alterna- 
tively, one balanced, differential input may be used. 

DEFLECTION FACTOR 

120 mV to 1.5 V full scale. Continuously variable between 
ranges. Calibrated full-scale: 1.0, 0.50 and 0.20 V. 

FREQUENCY RESPONSE 

4 response characteristics provide: FLAT: +0.0 — 1% to 
6 MHz; +0.0 — 3% to 8 MHz. IEEE: IRE-Spec 23S-1 of 
1958 (amended): HIGHPASS: 3.58 MHz plus and minus 400 
kHz at 15% to 35% down. LOW PASS: <80% down at 
500 kHz. 

LOW FREQUENCY TRANSIENT RESPONSE 

<3% tilt of window display (tilt is expressed as a percent- 
age of P-P display). 

DC RESTORER 

Keyed back porch* type eliminates drift in DC-coupled verti- 
cal amplifier. Does not distort color burst. Waveform will 
remain on screen if there is a loss of sync pulses for DC re- 
storer keying. DC restorer may be disabled by front-panel 
switch. 

VERTICAL AMPLIFIER 

May be DC-coupled to diode demodulator as in % Video 
Modulation Monitoring. Details are available in manual. 

VIDEO OUTPUT 

Signal is provided for driving a picture or line monitor with 
amplitude into 75 ohms approx equal to input signal to 529/ 
RM529. 



TIME-BASE FEATURES 

CALIBRATED TIME BASE 

0.125 H/cm. Magnifier extends calibrated time base to 0.025 
H/cm and 0.005 H/cm. Accuracy is ±3%. Rep rate is '/ 2 
of the TV line rate. The time base can be calibrated using 
TV signals. Color burst is displayed without phase interlace. 

UNCALIBRATED TIME BASE 

2 LINE: Triggered time base with rep rate of y 3 TV line 
frequency. Provides complete 2-line display with horizontal 
blanking centered on the screen. 

2 FIELD: Synchronized time base with rep rate the same as 
the TV frame rate. Entire frame of video is displayed with 
the vertical blanking centered on the screen. Time base will 
free-run in the absence of signal, indicating loss of incoming 
signal. 

TIME-BASE MAGNIFIER 

X5 and X25. Accuracy ±3%. Magnifier expands the center 
of the display, convenient for monitoring equalizing or ser- 
rated pulses. 

*Sync tip restoration available by simple modification. 
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COLOR CAMERA YRGB DISPLAYS 

Can be used with color camera processing amplifiers pro- 
viding these sequential signals and the staircase signal. To 
provide YRGB display directly, switching is done in the color 
processing amplifier. Receptacle to interconnect color proc- 
essing amplifier (relay control, staircase signal input, and 
ground) is provided on rear panel. 

VIT SELECTOR 

Front-panel switch selects lines 16 through 21. Knob position 
indicates line selected for viewing. 

LINE SELECTOR 

Variable delay allows any line of either field to be viewed. 
FIELD SELECTOR 
Positive-acting field selection. 

TRIGGER SELECTION 

Stable triggering on composite video signals. INTERNAL: 
200 mV to 1 V or more, peak to peak. EXTERNAL: 250 mV 
to 1 V or more, peak to peak. 

OTHER FEATURES 
REGULATED POWER SUPPLY 
Operates on 115 V or 230 V line ± 10% RMS. LINE FRE- 
QUENCY: 50-60 Hz. POWER CONSUMPTION: Approx 80 W 
at 115 V, 60 Hz. 

TEKTRONIX CATHODE-RAY TUBE 

Flat-faced, 5-inch rectangular CRT, operating at 6.4-kV acceler- 
ating potential. Calibrated viewing area, 7x10 cm. Electrical 
beam rotator provides trace alignment. P31 phosphor is 
normally supplied. External graticule, variable illumination. 

CALIBRATOR 

Two internal calibration voltages of 0.714 V and 1.00 V on 1- 
volt full-scale range of VERTICAL GAIN switch. An external 
calibration signal may be used. Internal calibration pulse 
amplitude ±1% over ambient temperature range and line- 
voltage range. Reference is a Zener diode. 

VENTILATION 

Convection air-cooled. Operating Temperature Range: 0° C 
to +50° C. 

DIMENSIONS AND WEIGHTS 



TYPE 529: Height 


SVz in 


21 cm 


Width 


CO 


21 .6 cm 


Depth 


19% in 


49.7 cm 


Net weight 


27 lb 


12.2 kg 


Domestic shipping weight 


~34 lb 


~15.5 kg 


Export-packed weight 


~47 lb 


^21 .4 kg 



Two Type 529 Waveform Monitors can be mounted side-by- 
side, or one mounted alongside an associated picture moni- 
tor in a standard 19-inch rack or console. 




TYPE 



RM529 
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Multiburst Signal. Multiple exposure showing 
High-pass, Flat, and Low-pass response. 



Modulated Stair-Step Signal. Multiple expo- 
sure left to right. High-pass position for meas- 
uring differential gain, Flat-response position, 
IEEE response position. 



Color-Burst Signal. Double exposure. Top: X5 
magnification. Horizontal display: 0.1 25 H/ 
cm. Bottom: X25 magnification. Horizontal 
display: 0.125 H / cm. 




Multiple exposure. Left: 2 T. Center: T. Right: 
y 2 T Sine 2 , 0.25, 0.125, 0.0625 ps HAD. 



Double exposure showing complete two-field 
displays and two-line displays. 



Sine 2 Pulse and Bar Signal. 
T-Pulse and Bar. 



0.125 jus HAD 



TYPE RM529: Height 5'U in 13.3 cm 

Width 19 in 48.2 cm 

Rack depth 1874 in 46.4 cm 

Net weight 30’/ 2 lb 13.9 kg 

Domestic shipping weight ~59 lb ~26.8 kg 
Export-packed weight ~81 lb ~36.8 kg 
Instrument fits standard 19-inch rack, can be pulled forward 
and tilted 90°. 

INCLUDED STANDARD ACCESSORIES 

TYPE 529: Smoke-gray light filter (378-0560-00); composite 
graticule, shown lower center (331-0156-01); noncomposite 
graticule, shown top left (331-0077-01); dual scale grati- 
cule, shown top center (331-0157-00); sine-, K factor, and 
IRE graticule, shown top right, lower left, lower right (331 - 
0161-02); 75-ohm termination resistor (011-0102-00); 3 to 2-wire 
adapter (103-0013-00); two instruction manuals (070-0509-01). 
TYPE RM529: same as Type 529 but includes four retainer 
bars (381-0187-00); one pr tracks (351-0040-02); two instruction 
manuals (070-0466-01 ). 

TYPE 529 WAVEFORM MONITOR $1115 

TYPE RM529 WAVEFORM MONITOR $1165 

TYPE 529 MOUNTING CRADLES 

Two different cradle assemblies, with associated bezels, allow 
the Type 529 Waveform Monitor to be mounted alongside 
an 8-inch or 9-inch Conrac* Picture Monitor, in a standard 19- 
inch rack. A cradle and bezel are also available for mount- 
ing two Type 529's side-by-side. 

*Registered Trademark, Conrac Corporation, Conrac Division 



FOR MOUNTING 8-INCH CNB-8 PICTURE MONITOR (RE- 
QUIRES 10'/ 2 -INCHES RACK SPACE) 

Description Part Number Price 

Cradle Assembly 014-0021-00 $30.00 

Bezel, for mounting Type 014-0027-00 45.00 

529 on operator's left 

Bezel, for mounting Type 014-0028-00 45.00 

529 on operator's right 

FOR MOUNTING 8-INCH CZB-8 PICTURE MONITOR (RE- 
QUIRES 10'/ 2 -INCHES RACK SPACE) 

Cradle Assembly 014-0021-00 $30.00 

Bezel, for mounting Type 014-0025-00 45.00 

529 on operator’s left 

Bezel, for mounting Type 014-0026-00 45.00 

529 on operator's right 

FOR MOUNTING 9-INCH RNB-9 PICTURE MONITOR (RE- 
QUIRES 8 3 / 4 -INCHES RACK SPACE) 

Cradle Assembly 014-0020-00 $30.00 

Bezel, for mounting Type 014-0023-00 35.00 

529 on operator's left 

Bezel, for mounting Type 014-0024-00 35.00 

529 on operator's right 

FOR MOUNTING TWO TYPE 529 WAVEFORM MONITORS 
SIDE-BY-SIDE (REQUIRES 8 3 / 4 -INCHES RACK SPACE) 

Cradle Assembly 014-0020-00 $30.00 

Bezel 014-0022-00 35.00 

RM529 CRADLE ASSEMBLY 

For mounting the Type RM529 in a WECO backless rack, 
order 426-0309-00 $ 9.50 
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RM529 



TYPE 



MULTI-STANDARD WAVEFORM MONITORS 




Type 529 or RM529 MOD 188D 

The Type 529 Mod 188D and Type RM529 Mod 188D Wave- 
form Monitors are adapted for use with 405-line 50-Hz field 
rate, 525-line 60-Hz field, 625-line 50-Hz field, and 819-line 50- 
Hz field standard television systems. Added Vertical RESPONSE 
switch positions, added MAGNIFIER steps and VARIABLE control, 
5 and 10/xs/cm sweep rates in addition to line and field rates, 
and a PAL FRAME SELECTOR permit quick setup for use on any 
of four systems without internal adjustments. Panel marking, 
color-coordinated with Line/Field indicator light colors, identi- 
fies control positions associated with the selected system. 

The added PAL FRAME SELECTOR permits normal display 
from all frames or selection of either frame of the four-field PAL 
color system cycle. 

The Vertical system features selectable DC coupling for Video 
Input A, and added 1.1 MHz and 4.43 MHz Bandpass positions 
of the RESPONSE switch. The CALIBRATOR switch has an added 
0.70 F.S. position for proper calibration for systems based on 
a 30-unit (of 100) blanking level. Sweep rates based on line 
and field intervals are supplemented by fixed 5 /rs/cm and 
10/is/cm rates. Extra X10 and X20 MAGNIFIER positions and 
a VARIABLE MAGNIFIER provide maximum flexibility of adjust- 
ment for various test signals. 

VERTICAL SYSTEM: 

Response Switch: Added positions of 1.1 -MHz Bandpass ( — 18 
dB at 0.2 MHz) and 4.43-MHz Bandpass ( — 3dB bandwidth 
>800 kHz) at double sensitivity. 

Calibrator: 0.70 F.S. position added for CCIR standards. 

Input Switch: Added DC-coupled position for Input A. 

OPTIONAL 

TYPE 529 FIELD CASE 

Provides cabinet protection for the Type 529 when used for 
applications outside of the rack. Aluminum construction, blue 

vinyl finish; order 016-0084-00 $35.00 

C-27 CAMERA 

f/1. 9-1:0.85 lens; Polaroid Land* Pack-Film back, order 
C-27 $430 

Type 529 or RM529 to C-27 Camera Adapter, order 

016-0224-00 $15.00 

♦Registered Trademark, Polaroid Corporation 
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HORIZONTAL SYSTEM: 

Line/Field Rate Selection: 405/50, 525/60, 625/50, 819/50. 

Sweep Rates: 2 Field, 2 Line, 1 Line, 5 /is/cm, and 10 ^is/cm. 

Line Selector Sweep Rates: 1 Line, 5 /ts/cm, 10/is/cm. 

Discrete line selection provided for 525/60 and 625/50 sys- 
tems; for 405/50 and 819/50 systems, continuously-variable 
line selection only. 

Accuracy: All sweep rates (except 2 Field, an uncalibrated 
rate) are accurate within 3% (MAG XI). 

Magnifier: XI, X5, XI 0, X20, X25, plus VARIABLE (±20% 
from selected step). 

Field Switch: Added Even/Odd marking for PAL standards. 
Positive field selection provided except for CCIR System E 
(change-of-field only). 

Pal Frame Selector: 3-position switch for viewing all frames 
or selecting alternate frames. 

GENERAL: 

Line Voltage: +10%, — 8% accommodation range at 105, 
110, 115, 120, 210, 220, 230, or 240-V center voltage, 50 to 
60 Hz. Normally wired and fused for 220 V. Multi-tap 
transformer can be changed for use with any of the listed 
nominal line voltages. 

Accessories: The following graticules are furnished in addition 
to the standard 529/RM529 complement: 0-100 unit com- 
posite CCIR Video, 30-unit blanking level, PN 331-0184-00. 
0-100 unit composite CCIR Video, with sin 2 & K factor ruling 
for 0.1 /is T and 0.2 /is 2T pulses, 2% and 4% K factor, 
timing line for 4.43 MHz, PN 331-0185-00 (installed). 



TYPE 529 MOD 188D $1280 

TYPE RM529 MOD 188D (Rackmount) $1330 

ACCESSORIES 

MESH FILTER 



For improving display contrast when viewing under high- 
ambient light conditions; includes special graticule cover. 
Order 378-0575-00 $15.00 

CONNECTOR 

Used with color processing amplifiers for RBG, etc. displays. 

Order 134-0049-00 $ 4.25 

See the catalog accessory pages for additional information on 
cameras and other accessory items not listed. 

U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 




TELEVISION OSCILLOSCOPE 

TYPE 453 R453 MOD 1 27C 




An internal TV Sync Separator circuit permits stable internal 
Line or Field-rate triggering from displayed composite video or 
composite sync waveforms. External 4- 10 trigger sources are 
replaced by internal TV Sync positions providing Line (Hori- 
zontal) sync pulses to the B Sweep circuit and either Field 
(Vertical) or Line sync pulses to the A Sweep circuit. 

Individual line selection of VIT (vertical interval test) signals 
is facilitated by the sweep delay features in the Type 453. The 
wide range of sweep delays permit accurate alternate-frame 
color-burst observations in the PAL color system. 

Conventional waveform displays and measurements can be 
made from standard broadcast or closed-circuit TV systems, 
domestic or overseas, with up to 1201 -line, 60-Hz field rates. 
Other characteristics are the same as Type 453 and R453. 
A parallax-free, 6x10 div, illuminated graticule is standard. 
Two additional snap-in TV graticules are supplied but may 
not be illuminated. 

INCLUDED STANDARD ACCESSORIES 

Same as Type 453 except as follows: delete two P6010 3.5- 
ft 1 OX probe packages (010-0188-00); add two P6010 6-ft 
probe packages (010-0185-00); two 6-32 adapters (1 03-0051 - 
00); two spring phone tip adapters (206-0060-00); snap-in 
light filter/TV graticule (NTSC) 378-0576-04; snap-in light 



filter/TV graticule (CCIR) 378-0576-05. 

TYPE 453 MOD 127C $2035 

TYPE R453 MOD 127C $2120 

TERMINATIONS 

75-ohm termination, BNC, order 011-0102-00 $8.75 

75-ohm termination, UHF, order 011-0104-00 $8.75 



TELEVISION ACCESSORIES 



TV SYNC SEPARATOR 




The TV Sync Separator provides the trigger facilities for view- 
ing composite video signals on a conventional oscilloscope. It 
can be used with Tektronix general-purpose oscilloscopes that 
have a 100-volt calibrator output. When used with other instru- 
ments, a separate 100-V source is required to power the unit. 

A front panel switch selects field- or line-rate triggers, and 
a separate output jack supplies field triggers continuously. The 
unit has a clipping level control, allowing it to be used with 
signals ranging from 0.5 V to 8.5 V in amplitude. 

POWER REQUIREMENTS— 7mA ; operates on 100-V DC, or 
from the output of an oscilloscope calibrator with a frequency 
near 1 kHz. 

INPUT — Composite video signal from signal source or from 
Vert Sig Out jack on front panel of oscilloscope. 

OUTPUT — ~10-V negative-going composite sync for line 
rate triggering or ~6-V negative-going field-rate triggers. 
Selected by toggle switch. Also second output for field-rate 
triggers. 

TV SYNC SEPARATOR, with illustrated accessories, order 
015-0062-00 $85.00 



VIDEO STAIRCASE DIFFERENTIATOR 




The Video Staircase Differentiator permits the use of a gen- 
eral-purpose oscilloscope for measuring amplitude linearity in 
TV systems. 

The staircase differentiator is a filter which differentiates the 
steps of an unmodulated, linearity staircase (VIT signal) into 
spikes. The spikes appear on a common-reference level. Ampli- 
tude linearity is checked by comparing the amplitude of the 
spikes on the oscilloscope display. The generator used must 
supply a staircase having equal risetime, for the output ampli- 
tude of the differentiator is proportional to the rate of rise. 
Input impedance of the differentiator is 75 ohms. 

VIDEO STAIRCASE DIFFERENTIATOR, order 015-0075-00 
$17.50 

U.S. Sales Prices FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 
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R140 



NTSC TEST SIGNAL GENERATOR 



NEW 
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• NTSC ENCODED COLOR BARS 
Conforms to EIA specification RS 1 89 

Full-field or split-field bars 
75% and 100% amplitude 
10%, 7 '/ 2 % or 0 % setup 

• MODULATED STAIRCASE 

Conforms to IRE standard 60 IRE 23. SI 

Variable APL, 10% to 90% — fixed APL, 
50% 

5 steps plus blanking level 
Subcarrier phase locked to burst 

• CONVERGENCE CROSSHATCH 

For picture monitor linearity evaluation in accord 
with IRE specification 54 IRE 23. SI 
For color picture monitor convergence adjustment 



• VERTICAL INTERVAL TEST SIGNALS 

Staircase or color bars 

Lines 15 through 21, either or both fields 

• EIA COLOR STANDARD AND SYNC GENERATOR 



The Type 140 NTSC Test Signal Generator is a compact, 
solid-state source of high-quality television test signals for 525- 
line, 60-cycle field standard NTSC color TV systems. Combined 
in one compact unit are the test signals needed to accurately 
test, evaluate, and adjust laboratory and standard broadcast 
color video equipment. Each test signal not only strictly adheres 
to industry standards but provides additional refinements to 
enhance both the accuracy and range of measurements which 
can be made. The self-contained sync generator includes a tem- 
perature controlled color standard with excellent frequency 
stability. Digital integrated circuits are extensively used to 
achieve stability, accuracy, and reliability. 
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R140 




Fig 1: Full field color bars, 75% amplitude, 75% Fig 2: Full field color bars, 75% amplitude, 100 IRE 

white reference, 7.5% setup. white reference, 7.5% setup. 




Fig 3: Modulated staircase signal with subcarrier. 




Fig 4: Modulated staircase signal, subcarrier off. Fig 5: Multiple exposure, modulated staircase signal 




Fig 7: Staircase without modulation. Modulated 90° Fig 8: Staircase signal without modulation. Modulated 

subcarrier on the 4 out of 5 lines at 0 IRE. Signal 90° subcarrier on the 4 out of 5 lines at 90 IRE. 

APL is 10%. 



Fig 6: Modulated staircase signal with variable APL, 
30 mV of subcarrier phased 90° to burst inserted on 
the 4 out of 5 variable lines which are at 50 IRE. 




Fig 9: Triple exposure of modulated staircase viewed on 
a Type 520 Vectorscope in the differential gain mode. 
Top, 90% APL; middle, 50% APL; bottom, 10% APL. 




viewed on a Type 520 Vectorscope, differential phase 
mode, maximum resolution. Right — Same signal with the 
calibrated phase control changed 1°. 




Fig 11: Double exposure. Differential phase of a typical Fig 12: Modulated staircase signal viewed on a Type 

video amplifer. From 0 IRE nulled (right) to 100 IRE 520 Vectorscope in the differential phase mode. Photo 

nulled (left), phase shift is -1.8°. indicates combined differential phase of both instruments. 
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TYPE 



140 

R140 



NTSC COLOR BARS 

NTSC color bars in descending luminance order in either 
full field or split field are provided by the Type 140. The com- 
position of these signals is in accord with EIA color bar signal 
specification RS 189. In addition to basic signal requirements, 
these 100% saturated color bars are provided in either 75% 
or 100% amplitude with a choice of setup level. The white bar 
amplitude, which precedes the yellow bar, may be selected 
at 75% or 100% for 75% amplitude bars. The 100% white 
bar amplitude level permits a convenient check of relative 
chrominance/luminance gain by comparing the peak ampli- 
tudes of the yellow, cyan and white bars. An additional re- 
finement to the full field color bar is a black reference bar fol- 
lowing the blue bar. 

LUMINANCE AND CHROMINANCE COMPONENT 
AMPLITUDE ACCURACIES 

(Referenced at 25°C) — Amplitudes comply with the NTSC sig- 
nal requirements as defined by the FCC. Absolute ampli- 
tudes of luminance signal, setup and sync are within 1 % or 
1.5 mV, whichever is greater. Absolute amplitudes of all 
subcarrier frequency components (chroma and burst) are 
within 3%. Relative amplitudes of all subcarrier frequency 
components (chroma and burst) are within 1% or 1.5 mV, 
whichever is greater. 

BAR WIDTH — Full field bar width is 6.6 /as. Split field bar width 
is 7.5 /as. 

WHITE REFERENCE— 75% amplitude or 100% amplitude. 

CHROMINANCE ENVELOPE RISETIME AND FALLTIME— 375 

ns within 15%. 

SETUP— 10%, 7V 2 % and 0% available. 

BLANKING TO PEAK WHITE AMPLITUDE— 714 mV (inde- 
pendent of setup). 

LUMINANCE RISETIME AND FALLTIME— 100 ns within 15%. 



— I AND Q CHROMINANCE SIGNAL WIDTH — 9.4 /as on the 
same lines as black and white references, amplitude of each 
within 1 % of burst amplitude. 



MODULATED STAIRCASE 

The modulated staircase signal is provided with a choice 
of variable APL from 10% to 90% (0 to 100 IRE) in ten equal 
increments (11 levels), or a fixed APL of 50%. 

The staircase luminance component consists of five 20-IRE- 
unit risers. The subcarrier component is phase locked to color 
burst. The signal is in strict conformity with IRE Standard 60 
IRE 23. SI and the definition of APL is rigorously observed. Ap- 
plications include measurements of differential gain and phase, 
dynamic gain, luminance signal linearity, luminance signal dis- 
tortion caused by chrominance signal non-linearity and burst 
phase errors. 

A new signal capability provides a means to check luminance 
signal distortion caused by rectification of the subcarrier sig- 
nal. When the variable APL mode is selected, an additional 
component consisting of subcarrier, phased to lead burst by 
90°, may be added to the low-frequency lines either as a con- 
stant 30-mV amplitude signal or amplitude modulated to pro- 
duce 30-mV, 305-mV and 610-mV amplitudes. The modulated 
amplitude subcarrier signal position is useful for determining 



the effects of subcarrier rectification upon luminance signals 
at all APL’s through the entire TV system. The constant 30-mV 
amplitude subcarrier signal is useful for eliminating unnecessary 
portions of the display when making differential phase meas- 
urements. 

LUMINANCE COMPONENT— 5 step amplitude is 71 4 mV 
within 1%. Single step amplitude is 143 mV within 1%. Step 
risetime is 260 ns within 15% and aberrations are within 2%. 
Step duration at blanking level and at white level is 13.2 /as 
within 5%. Intermediate step durations are 6.6/ as within 5%. 

CHROMINANCE COMPONENT— Amplitude is 143 mV P-P 
within 3%. Phase is 0°. 

DIFFERENTIAL PHASE— 0.1 0 or less. 



DIFFERENTIAL GAIN— 0.5% or less. 

SUBCARRIER ENVELOPE— Risetime is 260 ns within 15% and 
duration is 40 /as within 5%. Envelope delay from horizontal 
sync is 16.1 /as within 5%. 

50% FIXED APL — Each active line carries the modulated stair- 
case signal. APL is 50% per IRE standard, 60 IRE 23.S1. 

VARIABLE APL — Staircase signal is on every 5th line and the 
same line each frame. The variable amplitude low-frequency 
signal is on the remaining 4 out of 5 lines. APL range is 
10% to 90% in 10 equal increments (11 levels). 



VARIABLE APL LINES 

Luminance Component — Adjustable in 10 equal increments 
from 0 IRE to 100 IRE. 0 IRE position provides 10% APL, 
50 IRE position provides 50% APL and 100 IRE position 
provides 90% APL. 



Subcarrier Component — A three-position switch controls the 
insertion of subcarrier on the low-frequency lines. Posi- 
tions are: subcarrier off; unmodulated subcarrier; and 

modulated subcarrier. The unmodulated position provides 
30 mV P-P (approx 5 IRE at 90%) during active line time 
of 52.3 /as. The modulated subcarrier position provides 
30 mV within 3% for approx 13 /as, 305 mV within 3% for 
approx 20 /as (corresponding to 6-dB amplitude reduction 
from the amplitude of chrominance on 75% amplitude red 
and cyan bars) and 610 mV within 3% for the last 20 /as 
of the active line time (corresponding to the chrominance 
amplitude of 75% amplitude red and cyan bars phased 
at 90°). Incidental phase errors between 30-mV, 305-mV 
and 610-mV signals is 0.5° or less. 



CONVERGENCE PATTERN 



The convergence pattern signal is provided separate and 
independent from the other test signals. It is useful for meas- 
uring picture monitor or camera scanning linearity, aspect ratio 
and geometric distortion. It conforms to IRE standard 54 23. SI. 



DISPLAYS AVAILABLE — Cross hatch; vertical lines only; hori- 
zontal lines only; dots only; and cross hatch plus dots (dots 
appear centered in the rectangles formed by the cross-hatch 
pattern). 



CONVERGENCE PATTERN SIGNAL CHARACTERISTICS— The 



P-P amplitude is 1 V within 5%. Pulse amplitude is 714 mV 
within 5%. Sync amplitude is 286 mV within 5%. Setup is 
72 mV within 5%. 
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Fig 13: Color bars inserted during vertical interval. 
The full field signal is a modulated staircase, variable 
APL, 90° modulated subcarrier inserted. 



Fig 14: Vector display of VITS color bars from the 
Type 140. 



Fig 15: Vector display. Split field color bars, 75% 
amplitude, 100% white reference, 10% setup. Conforms 
to EIA specification RS 189. 




Fig 16: Double exposure (left and right) of the -I, Fig 17: Split field color bars per EIA specification Fig 18: Display of -I, W, Q and B. 
W, Q and B bars with the I and Q depressed. RS 189. 




Fig 19: Convergence pattern, white cross hatch. 



Fig 20: Line display of the convergence cross hatch 

signal. 



Fig 21: Modulated staircase signal through the lumi- 
nance (Y) channel of the Type 520 NTSC Vectorscope. 






Fig 22: Multiple exposure. Staircase signal, variable 

APL, 10%, 50% and 90%. 
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140 

R140 




VERTICAL INTERVAL TEST SIGNALS 



A provision is made for insertion of either the staircase or 
the color bar, as a vertical interval test signal, on any line 
from 15 through 21 of either or both fields. The phase of the 
burst (and all other subcarrier frequency components of the 
test signal outputs) may be varied 360° with respect to the 
subcarrier frequency source (internal or external). 

With the 75% amplitude full field color bar signal or the 
modulated staircase signal inserted on an appropriate line 
of both fields, it is possible to test an entire video system in- 
cluding transmitters for differential phase and gain and verify 
if the actual phase and amplitude errors of the chrominance 
at all APL's conforms to FCC rules. 

SYNC GENERATOR AND COLOR STANDARD 

The EIA sync generator circuitry is largely digital, using in- 
tegrated circuitry for counting functions. The usual frequency 
multiplier circuits and their attendent problems have been 
avoided resulting in exceptional time stability. Internal controls 
permit some variation of widths including burst flag timing. 
These adjustments are preset to conform to FCC standards. 

The color standard has a proportional control oven for the 
quartz crystal and the entire oscillator circuit. The frequency 
stability achieved is well within FCC specifications. A front- 
panel lamp indicates proper operation of the oven. When the 
internal color standard is used, the phase of the color subcarrier 
output is variable over a 360° range with respect to the phase 
of the burst contained in the video output. When an external 
color standard is used the phase of the burst (and all other 
subcarrier frequency components of the test signal outputs) 
may be varied 360° to the external subcarrier source. 

SUBCARRIER — frequency is 3.579545 MHz within 5 Hz. 

Outputs — Subcarrier outputs are provided on the front and 
rear panels. Output impedance is 75 Q within 5%. Isola- 
tion is at least 30 dB. Output level is 2 V P-P within 10% 
into 75 Q. 

Input — Subcarrier input requires 2 V P-P. The return loss is 
at least 40 dB using loop-through input. 

COMPOSITE SYNC 

Input — Required amplitude is 4 V within 0.5 V. Return loss 
is at least 46 dB using loop-through inputs. 

Output — A front-panel and a rear-panel output is provided. 
Output level is 4 V within 0.4 V. Return loss is at least 
30 dB. Isolation is at least 40 dB. 



HORIZONTAL DRIVE— Output level is 4 V within 15%. 

VERTICAL DRIVE— Output level is 4 V within 15%. 

COMPOSITE BLANKING OUTPUT— 4 V within 0.5 V. Isolation 
is at least 40 dB. Return loss is at least 30 dB. 

BURST — Breezeway is at least 379 ns. Risetime is 375 ns within 
15%. Envelope duration is 2.22 to 2.61 fxs. Time duration 
from leading edge of sync pulse ( 10 % amplitude reference) 
to trailing edge of burst envelope ( 10 % amplitude refer- 
ence) is 7.94 /xs or less. Burst amplitude is 286 mV P-P within 
3%. 

HORIZONTAL BLANKING WIDTH— 1 1.2 /xs. 

FRONT PORCH WIDTH— 1.6 ^s within 5%. 

LINE SYNC PULSE WIDTH— 4.77 ^s within 3%. 

LINE SYNC PULSE RISETIME— 230 ns to 290 ns. 

VERTICAL BLANKING — 21 lines (digitally determined from 
3.579545 MHz). 



OTHER CHARACTERISTICS 

COMPOSITE VIDEO OUTPUT — Outputs are provided on the 
front and rear panels. Amplitude is 1-V P-P into 75 Q. Re- 
turn loss is at least 30 dB from DC to 5 MHz. 



POWER REQUIREMENTS— 90-1 36 VAC or 180 to 272 VAC, 48 
Hz to 66 Hz, 40 watts maximum at 1 15 VAC and 60 Hz. Rear- 
panel selector provides rapid accommodation for 6 line- 
voltage ranges. 




AMBIENT TEMPERATURE — Performance characteristics are val- 
id over an ambient temperature range of 0°C to +50°C 
(except as noted). 



TYPE 140 DIMENSIONS AND WEIGHTS 



Height 


3% in 


9.6 cm 


Width 


16 3 / 4 in 


42.6 cm 


Depth 


1 8 V 2 in 


47.1 cm 


Net weight 


16% lb 


7.6 kg 


TYPE R140 DIMENSIONS 


AND WEIGHTS 




Height 


3% in 


9.6 cm 


Width 


19 in 


48.3 cm 


Depth 


1 8V 2 in 


47.1 cm 


Net weight 


17% lb 


8 kg 



INCLUDED STANDARD ACCESSORIES 
75-fi, through-line termination (011-0103-02); two instruction 
manuals (070-0944-00). 



Type R140 also includes rackmounting hardware. 

TYPE 140 NTSC TEST SIGNAL GENERATOR $1600 



TYPE R140 NTSC TEST SIGNAL GENERATOR (rackmount) 
$1600 



U.S. Sales Price FOB Beaverton, Oregon 
Please refer to Terms and Shipment, General Information page. 
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• PAL COLOUR BARS 

EBU 75 % amplitude, 100% saturated 
4 -field blanking sequence per CCIR specifications 

• MODULATED STAIRCASE 
Fixed or variable APL 

• VERTICAL INSERTION TEST SIGNAL 
Modulated staircase 

Field 1, Field 2, or both 

The Type 141 PAL Television Test Signal Generator is a 
source of high-quality television test signals for 625-line, 50- 
cycle field standard PAL colour TV Systems. The all solid-state 
Type 141 utilizes Digital Integrated Circuits to achieve sta- 
bility, accuracy and reliability. 

Three operating modes provide PAL Colour Bars, a 5-Step 
Staircase with fixed Average Picture Level (APL), and the 
same Staircase with variable APL. The colour bar output 
is a full-field test signal appearing on every active line and 
consists of EBU 75% amplitude, 100% saturated colour bars 
in descending luminance order, with white on the left and 
black on the right, PAL Colour Burst with 4-field blanking 
sequence per CCIR specifications and composite sync and 
blanking. 



The staircase signal is particularly useful with a Tektronix 
Type 520 PAL Vectorscope to measure differential phase 
and differential gain. Luminance channel linearity may also 
be measured using the Tektronix video staircase differentiator 
part #015-0075-00 (the transient response of the staircase 
signal component is determined by a sin 2 filter whose cut- 
off frequency limits the energy content in the region of the 
colour subcarrier frequency). 

The PAL subcarrier (140 mV P-P) is accurately phased at 180° 
(it lies along the — U PAL axis and is at the same phase on 
alternate lines). Subcarrier may be switched off when de- 
sired. 

To provide VITS (Vertical Insertion Test Signal) the staircase 
signal is keyed on during a selected line of the vertical 
blanking interval, either or both fields (line 11-22 on Field 1 
and line 324-335 on Field 2). 

Normal PAL colour burst is provided on the staircase and 
colour bar signals. The complex four-field Bruch blanking 
sequence during vertical interval is provided and may be 
switched off if desired. 

A 1-MHz reference signal which is frequency "locked" to 
the 4.43361 875-MHz PAL subcarrier oscillator is provided at 
the rear of the instrument. The accuracy of the internal sub- 
carrier oscillator may be conveniently verified by comparing 
the 1-MHz reference with known frequencies, such as the 
Droitwich 200-kHz radio transmissions in Europe. 

The Type 141 is available in either rackmount (R141) or 
cabinet (141) styles. 
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141 

R141 

COLOUR BARS 



LUMINANCE AND CHROMINANCE AMPLITUDE ACCU- 
RACIES (25°C reference) Component amplitudes comply with 
the CCIR signal requirements as defined by CCIR, 11th Ple- 
nary Assembly, 1966, Vol. 5, p. 281. Absolute amplitudes of 
luminance signal, setup and sync are within 1% or 1.5 mV, 
whichever is greater. Absolute amplitudes of all subcarrier 
frequency components (chrominance and burst) are within 
3%. Relative amplitudes of all subcarrier frequency compo- 
nents (chrominance and burst) are within 1% or 1.5 mV, 
whichever is greater. 



BAR WIDTH— 6.5 /xs within 5%. 

WHITE REFERENCE — 100% amplitude (normal); or 75% am- 
plitude. 

CHROMINANCE — Time difference between luminance and 
chrominance channels is 20 ns or less. Risetime is 260 ns 
within 10%. U, V quadrature error is 0.5° or less, V axis 
phase-switcher error is 0.5° or less. 

RESIDUAL SUBCARRIER— At least 52 dB below IV on white 
and black. Aberrations are not more than 4% P-P. Spurious 
subcarrier is at least 52 dB below 1 V. Other spurious out- 
puts are at least 52 dB below 1 V. 




MODULATED STAIRCASE 



LUMINANCE COMPONENT — 5-step amplitude is 700 mV with- 
in 1%. Single-step amplitude is 140 mV within 1%. Step 
risetime is 260 ns within 15%. Step duration at blanking 
level and white level is 13 /as within 5%. Intermediate step 
durations are 6.5 /ts within 5%. Aberrations are within 2%. 

CHROMINANCE COMPONENT— Amplitude is 140 mV P-P 
within 3%. Phase is 180°. 

DIFFERENTIAL PHASE— 0.1 ° or less. 

DIFFERENTIAL GAIN— 0.5% or less at 0%, 50% and 100% 
APL. 





75% amplitude, 100% saturation PAL colour bars, 
white reference pulse at 100% amplitude. 



PAL colour bars, chrominance switched off, white ref- 
erence pulse at 75% amplitude. 



PAL colour bars, luminance component switched off. 
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TYPE 



141 

R141 




5-step staircase waveform with PAL subcarrier along 
-U axis. PAL burst is provided. Note white reference 
level following the modulation. 







5-step staircase waveform, luminance only. Note double 
width black and white steps. Luminance transitions 
are sin 2 shaped of approx 260-ns risetime. 



Staircase signal with variable average picture level 
(shown at 100). Every fourth line in successive frames 
carries the stairstep signal. APL variable in 11 equal 
steps from black to white. 





Vector PAL presentation of PAL colour bar. 




PAL colour bars, luminance signal only, white reference 
pulse at 75% amplitude. 



Chrominance signal, green-magenta transition, 250 ns/cm 
time base. 




PAL colour bar, demodulated to recover the RED signal. 




PAL colour bar, demodulated to recover the GREEN 
signal. 
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PAL Colour bar, demodulated to recover the BLUE 
signal. 




Combined differential gain of Type 520 PAL Vector- 
scope and Type 141 Generator. Minor scale divisions 
equal Vz% differential gain. 




Modulated staircase signal from the Type 141 as viewed 
on the Type 520 PAL Vectorscope operating at maxi- 
mum resolution in the differential phase mode. Trace 
separation is 0.5°. Flatness of the traces indicates 
over-all differential phase of less than 0.1°. 
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